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Mostek - Technology For Today And Tomorrow 





TECHNOLOGY 

From its beginning, Mostek has been an 
innovator. From the developments of the 1 K 
dynamic RAM and the single-chip calculator 
in 1 970 to the current 64K dynamic RAM, 
Mostek technological breakthroughs have 
proved the benefits and cost- effectiveness of 
metal oxide semiconductors. Today, Mostek 
represents one of the industry's most 
productive bases of MOS/LSI technology, 
including Direct-Step-on-Wafer processing 
and laser implemented redundant circuitry. 

The addition of the Microelectronics 
Research Center in Colorado Springs adds a 
new dimension to Mostek circuit design 
capabilities. Using the latest computer-aided 
design techniques, center engineers will be 
keeping ahead of the future with new 
technologies and processes. 



QUALITY 

The worth of a product is measured by 
how well it is designed, manufactured and 



tested and by how well it works in your 
system. 

In design, production and testing, the 
Mostek goal is meeting specifications the 
first time on every product. This goal requires 
a collective discipline from the company as 
well as individual efforts. Discipline, coupled 
with very personal pride, has enabled 
Mostek to build in quality at every level of 
production. 



PRODUCTION CAPABILITY 

The commitment to increasing production 
capability has made Mostek the world's 
largest manufacturer of dynamic RAMs. We 
entered the telecommunications market in 
1 974 with a tone dialer, and have shipped 
millions of telecom circuits since then. 
Millions of our MK3870 single-chip 
microcomputers are in use throughout the 
world. Recent construction in Dallas, Ireland 
and Colorado Springs has added some 
50 percent to the Mostek manufacturing 
capacity. 
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THE PRODUCTS 

Telecommunications Products 

Mostek is the leading supplier of tone 
dialers, pulse dialers, and CODEC devices. 
As each new generation of telecom- 
munications systems emerges, Mostek is 
ready with new generation components, 
including PCM filters, tone decoders, 
repertory dialers, new integrated tone 
dialers, and pulse dialers. 

These products, many of them using 
CMOS technology, represent the most 
modern advancements in telecom- 
munications component design. 

Industrial Products 

Mostek's line of Industrial Products offers 
a high degree of versatility per device. This 
family of components includes various 
microprocessor-compatible A/D converters, 
a counter/time-base circuit for the division 
of clock signals, and combined 
counter/display decoders. As a result of the 
low parts count involved, an economical 
alternative to discrete logic systems is 
provided. 



Through Innovations in both circuit design, 
wafer processing and production, Mostek 
has become the Industry's leading supplier 
of dynamic RAMs. 

Examples of Mostek leadership are 
families of x1 and x8 high performance static 
RAMs and our extremely successful 64K 
ROMs with more codes processed than any 
other mask-ROM in the Industry. Another 
performance and density milestone is our 
256K ROM, the MK38000. In MOS Dynamic 
RAMs, Mostek led the way as the world's 
leading supplier of 1 6K devices. 

Our MK4564 64K dynamic RAM uses 
advanced circuit techniques and design to 
enhance man ufacturabi I ity to satisfy the 
demands of a huge marketplace. 

Microcomputer Components 

Mostek's microcomputer components 
cover the entire spectrum of microcomputer 
applications. 

Our MK68000 1 6-bit microprocessor is 
designed for high-performance, memory- 
Intensive systems. 

Our Z80 is today's industry-standard 8-bit 
microprocessor. The Mostek 3870 family of 
single-chip microcomputers offers upgrade 
options in ROM, RAM, and I/O— all in the 
same socket. The MK38P70 EPROM 
piggyback microcomputer emulates the 
entire family and Is ideal for low-volume 
applications. 
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Development systems include the 
RADIUS^"^ remote development station that 
lets you use your host minicomputer to 
develop the applications software. The 
program is then downloaded into the 
RADIUS which then lets you perform real- 
time in-circuit emulation and debug. The 
Mostek Matrix^M Development System is a 
stand-alone hardware and software debug 
and integration system. 

Microcomputer Systems 

Mostek is the world's leading manufac- 
turer of Z80-based STD BUS system 
components. A new line of microsystems 
utilizing the VME BUS and based on the 
MK68000 will be available soon. 

Computer systems include our Matrix line 
which utilize STD BUS cards to let you 
custom-design your own system. 

Military Products 

An extension of the high quality in 
fabrication and design inherent in Mostek's 
product line allows many of our ICs to be 
made available screened to MIL-STD-883. In 
addition, select parts are qualified to the 



rigors of MIL-M-38510 and are processed on 
our QPL certified lines. 

The MKB product line begins with the 
complete Memory Products offering, and 
extends into microprocessors and gate 
arrays. Leadless Chip Carrier packaging and 
prepared customer SCDs address the 
particular needs of the military community. 

Memory Systems 

Takihg full advantage of our leadership in 
memory components technology, Mostek 
Memory Systems offers a broad line of 
products, all with the performance and 
reliability to match our industry-standard 
circuits. Mostek Memory Systems offers add- 
in memory boards for popular DEC, Data 
General, and Perkin-Elmer minicomputers. 

Mostek also offers special purpose and 
custom memory boards for special applications. 

Gate Arrays 

Utilizing the technology developed by 
United Technologies Microelectronic 
Research Center, Mostek plans to market 
custom gate array circuits in the second half 
of 1982. 
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MQSTEK. 

MICROCOMPUTER PRODUCTS 



Package Descriptions 



Plastic Dual-ln-Line Package (N) 
40 Pin 
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Ceramic Dual-ln-Line Package (P) 
40 Pin 
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Plastic Dual-ln-Line Package (N) 
28 Pin 
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Ceramic Dual-ln-Line Package (P) 
28 Pin 
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Plastic Dual-ln-Line Package (N) 
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ORDERING INFORMATION 

Factory orders for parts described in this book should include a four-part number as explained below: 
Example: |MK||4167| |P|-|3| 



t 



■ 1 . Dash Number 

■ 2. Package 

• 3. Device Number 

- 4. Mostek Prefix 




1 . Dash Number 

One or two numerical characters defining specific device performance characteristics and operating 
temperature range. 

2. Package 

P - Gold side-brazed ceramic DIP 

N - Epoxy DIP (Plastic) 

K - Tin side-brazed ceramic DIP 

T - Ceramic DIP with transparent lid 

E - Ceramic leadless chip carrier 

D - Dual density RAM-PAC 

F - Flat pack 

3. Device number 

IXXXorlXXXX - Shift Register, ROM 

2XXXor2XXXX - ROM, EPROM 

3XXXor3XXXX - ROM, EPROM 

38XX - Microcomputer Components 

4XXXor4XXXX - RAM 

5XXX or 5XXXX - Counters, Telecommunication and Industrial 

7XXX or 7XXXX - Microcomputer Systems 

4. Mostek Prefix 

MK - Standard Prefix 
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U.S. AND CANADIAN SALES OFFICES 





CORPORATE HEADQUARTERS 

Mostek Corporation 
1215W. CrosbyRd. 
P.O. Box 169 
Carrollton, Texas 75006 



REGIONAL OFFICES 
Northeastern Area 

Mostek 

49 W. Putnam, 3rd Floor 

Greenwich, Conn. 06830 

203/622-0955 

TWX 710-579-2928 



Southeast U.S. 

Mostek 

13907 N. Dale Mabry Highway 

Suite 201 

Tampa, Florida 33618 

813/962-8338 

TWX 810-876-4611 



Upstate NY Region 

Mostek 

4651 Crossroads Park Dr., Suite 201 

Liverpool, NY 13088 

315/457-2160 

TWX 710-945-0255 



Michigan 

Mostek 

Orchard Hill Place 

21333 Haggerty Road 

Suite 321 

Novi, Ml 48050 

313/348-8360 

TWX 810-242-1471 



Central U.S. 

Mostek 

4100McEwen Road 
Suite 1 51 

Dallas, Texas 75234 
214/386-9340 
TWX 910-860-5437 



Western Region 
Northern California 

Mostek 

1 762 Technology Drive 

Suite 1 26 

San Jose, Calif. 95110 

408/287-5080 

TWX 910-338-2219 



Seattle Region 

Mostek 

1107 North East 45th St. 

Suite 41 1 

Seattle, WA 98105 

206/632-0245 

TWX 910-444-4030 



Northeast U.S. 

Mostek 

29 Cummings Park, Suite #426 

Woburn, Mass. 01801 

617/935-0635 

TWX 7 10-348-0459 



Chicago Region 

Mostek 

Two Crossroads of Commerce 

Suite 360 

Rolling Meadows, III. 60008 

312/577-9870 

TWX 910-291 -1207 



Southwest Region 

Mostek 

4100 McEwen Road 

Suite 237 

Dallas, Texas 75234 

214/386-9141 

TWX 910-860-5437 



Southern Califomia 

Mostek 

1 8004 Skypark Circle 

Suite 140 

Irvine, Calif. 92714 

714/549-0397 ' 

TWX 910-595-2513 



Southeastern Area 

Mostek 

4001 B Greentree Executive Campus 

Route #73 

Martton, New Jersey 08053 

609/596-9200 

TWX 710-940-0103 



North Central U.S. 

Mostek 

6101 Green Valley Dr. 

Bloomington, Mn. 55438 

612/831-2322 

TWX 910-576-2802 



Chevy Chase #4 

7715 Chevy Chase Dr., Suite 1 16 

Austin, TX 78752 

512/458-5226 

TWX 910-874-2007 



Arizona Region 

Mostek 

21 50 East Highland Ave. 

Suite 101 

Phoenix, AZ 8501 6 

602/954-6260 

TWX 910-957-4581 
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U.S. AND CANADIAN REPRESENTATIVES 



ALABAMA 

Conley & Associates, Inc. 

3322 Memorial Pkwy., S.W. 

Suite 1 7 

Huntsville, AL 35801 

205/882-0316 

TWX 810-726-2159 

ARIZONA 

Summit Sales 
7825 E. Redf ield Rd. 
Scottsdale, AZ 85260 
602/998-4850 
TWX 910-950-1283 

CALIFORNIA 

Harvey King, Inc. 
8124 MiramarRoad 
San Diego, CA 92126 
714/566-5252 
TWX 910-335-1231 

COLORADO 

Waugaman Associates* 
4800 Van Gordon 
Wheat Ridge, CO 80033 
303/423-1020 
TWX 910-938-0750 

CONNECTICUT 

New England Technical Sales 
240 Pomeroy Ave. 
Meriden, CT 06450 
203/237-8827 
TWX 710-461-1126 

FLORIDA 

Conley & Associates, Inc.* 
P.O. Box 309 
235 S. Central 
Oviedo, PL 32765 
305/365-3283 
TWX 810-856-3520 

Conley & Associates, Inc. 

4021 W. Waters 

Suite 2 

Tampa, PL 33614 

813/885-7658 

TWX 810-876-9136 

Conley 8i Associates, Inc. 

P.O. Box 700 

1612 N.W. 2nd Avenue 

Boca Raton, FL 33432 

305/395-6108 

TWX 510-953-7548 



GEORGIA 

Conley & Associates, Inc. 
3951 Pleasantdale Road 
Suite 201 

Doraville, GA 30340 
414/447-6992 
TWX 81 0-766-0488 

ILLINOIS 

Carlson Electronic Sales* 
600 East Higgins Road 
Elk Grove Village, IL 60007 
312/956-8240 
TWX 910-222-1819 

INDIANA 

Rich Electronic Marketing* 
599 Industrial Drive 
Carmel, IN 46032 
317/844-8462 
TWX 810-260-2631 

Rich Electronic Marketing 
3448 West Taylor St. 
Fort Wayne, IN 46804 
219/432-5553 
TWX 810-332-1404 

IOWA 

REP Associates 
980 Arica Ave. 
Marion, lA 52302 
319/393-0231 

KANSAS 

Rush & West Associates* 
107 N.Chester Street 
Olathe, KN 66061 
913/764-2700 
Wichita 316/683-0206 
TWX 910-749-6404 

KENTUCKY 

Rich Electronic Marketing 
8819 Roman Court 
P.O. Box 91 147 
Louisville, KY 40291 
502/499-7808 
TWX 810-535-3757 

MARYLAND 

Arbotek Associates 
3600 St. Johns Lane 
Ellicott City, MD 21043 
301/461-1323 
TWX 710-862-1874 



MASSACHUSETTS 

New England Technical Sales* 

1 35 Cambridge Street 

Burlington, MA 01 803 

617/272-0434 

TWX 710-332-0435 

Computer Marketing 

241 Crescent St./2nd Floor 

Waltham, MA02154 

617/894-7000 

710-324-1503 

MICHIGAN 

Action Components 
21333 Haggerty Road 
Suite 201 
Novi, Ml 48050 
313/349-3940 

MINNESOTA 

Cahill, Schmitz & Cahill, Inc.* 

315 N. Pierce 

St. Paul, MN 55104 

612/646-7217 

TWX 910-563-3737 

Micro Resources, Inc. 

2700 Chowen Avenue South 

Minneapolis, MN 5541 6 

MISSOURI 

Rush & West Associates 
481 Melanie Meadows Lane 
Ballwin, MO 6301 1 
314/394-7271 

NORTH CAROLINA 

Conley & Associates, Inc. 
4050 Wake Forest Road 
Suite 102 
Raleigh, NC 27609 
919/876-9862 
TWX 510-928-1829 

NEW JERSEY 

Tritek Sales, Inc. 

21 E. Euclid Ave. 

Haddonfield, NJ 08033 

609/429-1551 

21 5/627-01 49 (Philadelphia Line) 

TWX 710-896-0881 

NEW MEXICO 

Waugaman Associates 
P.O. Box 14894 
Albuquerque, NM 871 1 1 

or 
9004 Menaul NE 
Suite 7 

Albuquerque, NM 87112 
505/294-1437 
505/294-1436 (Ans. Service) 



NEW YORK 

ERA Inc. 

354 Veterans Memorial Highway 

Commack, NY11725 

516/543-0510 

TWX 510-226-1485 

(New Jersey Phone # 

800/645-5500,5501) 

Precision Sales Corp. 

5 Arbustus Ln., MR-97 

Binghamton, NY 1 3901 

607/648-3686 

607/648-8833 

Precision Sales Corp.* 

1 Commerce Blvd. 

Liverpool, NY 13008 

315/451-3480 

TWX 710-545-0250 

Precision Sales Corp. 
3594 Monroe Avenue 
Pittsford, NY 14534 
716/381-2820 
Precision Sales Corp. 
Drake Road 

PleasantValley, NY 12569 
914/635-3233 

OHIO 

The Lyons Corp. 
481 2 Frederick Rd. 
Dayton, Ohio 4541 4 
513/278-0714 
TWX 810-459-1754 

The Lyons Corp. 
461 5 N. Streetsboro Rd. 
Richfield, Ohio 44286 
216/659-9224 
TWX 81 0-427-91 03 

OREGON 

Northwest Marketing Assoc. 
9999 S.W. Wilshire St. 
Suite 1 24 
Portland OR 97225 
503/297-2581 
TELEX 910-464-5157 

TENNESSEE 

Conley & Associates, Inc. 

1128Tusculum Blvd. 

Suite 

Greenville, TN 37743 

615/639-3139 

TWX 810-576-4597 



UTAH 

Waugaman Associates 
10332 South 1540 W 
South Jordan, UT 84065 
801/254-0570 

or 
801 -254-0572 
TWX 910-925-4073 

WASHINGTON 

Northwest Marketing Assoc* 
1 2835 Bellevue-Redmond Rd. 
Suite 203E 
Bellevue, WA 98005 
206/455-5846 
TWX 910-443-2445 

WISCONSIN 

Carlson Electronic Sales 
Northbrook Executive Ctr. 
10701 West North Ave. 
Suite 209 

Milwaukee, Wl 53226 
414/476-2790 
TWX 910-222-1819 

CANADA 

Cantec Representatives Inc.* 
1 573 Laperriere Ave. 
Ottawa, Ontario 
Canada K1Z7T3 
613/725-3704 
TWX 610-562-8967 

Cantec Representatives Inc. 
1 5 Charles Street, East 
Kitchener, Ontario 
Canada N2G2P3 
519/744-6341 
TWX 610-492-2683 (Toronto) 
Cantec Representatives Inc. 
8 Strathearn Ave, Unit 18 
Brampton, Ontario 
Canada L6T4L8 
416/791-5922 
TWX 610-492-2683 

Cantec Representatives Inc. 

3639 Sources Blvd. 

Suite 116 

Dollard Des Ormeaux, Quebec 

Canada H9B2K4 

514/683-6131 

TWX 610-422-3985 
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U.S. AND CANADIAN DISTRIBUTORS 



ARIZONA 

Kierulff Electronics 
4134 E.Wood St. 
Phoenix, AZ 85040 
602/243-4101 
TWX 910/951 -1650 
Kierulff Electronics 
1 806 W. Grant Rd. 
Suite 102 
Tucson, AZ 85705 
602/624-9986 
TWX 910/952-1 119 

CAUFORNIA 

Arrow Electronics 
4029 Westerly Place 
BIdg. 15, Unit113 
Newport Beach, CA 9266 
(714)851-8961 
TWX 910/595-2861 
Arrow Electronics 
19748 Dearborn St. 
Chatsworth,CA 91311 
(213)701-7500 
TWX 910-493-2086 
Arrow Electronics 
951 1 Ridgehaven Court 
San Diego, CA 92123 
(714)565-4800 
TWX 910/335-1 195 
Arrow Electronics 
521 Weddell Dr. 
Sunnyvale, CA 94086 
408/745-6600 
TWX 910/339-9371 
Kierulff Electronics 
2585 Commerce Way 
Los Angeles, CA 90040 
213/725-0325 
TWX 910/580-3106 
Kierulff Electronics 
3969 E. Bayshore Rd. 
Palo Alto, CA 94303 
415/968-6292 
Kierulff Electronics 
8797 Balboa Avenue 
San Diego, CA 92123 
714/278-2112 
TWX 910/335-1 182 
Kierulff Electronics 
14101 Franklin Avenue 
Tustin, CA 92680 
714/731-5711 
TWX 910/595-2599 
Schweber Electronics 
17811 Gillette Avenue 
Irvine, CA 92714 
714/556-3880 
TWX 910/595-1720 
Schweber Electronics 
31 10 Patrick Henry Dr. 
Santa Clara, CA 95050 
408/496-0200 
Zeus/West, Inc. 
1130 Hawk Circle 
Anaheim, CA 92807 
714/632-6880 
TWX 910/591-1961 



COLORADO 

Arrow Electronics 
2121 South Hudson St. 
Denver, CO 80222 
(303)758-2100 
TWX 91 0/931 -0552 
Kierulff Electronics 
10890 E. 47th Avenue 
Denver, CO 80239 
303/371-6500 
TWX 910/932-0169 

CONNECTICUT 

Arrow Electronics 
12 Beaumont Rd. 
Wallingford,CT 06492 
203/265-7741 
TWX 710/476-0162 
Schweber Electronics 
Finance Drive 
Commerce Industrial Park 
Danbury.CT 06810 
203/792-3500 
TWX 710/456-9405 

FLORIDA 

Arrow Electronics 

1001 N.W.62ndSt. 

Suite 108 

Ft. Lauderdale, FL 33309 

305/776-7790 

TWX 510/955-9456 

Arrow Electronics 

50 Woodlake Dr. 

Palm Bay, FL 32905 

305/725-1480 

TWX 510-959-6337 

Diplomat Southland 

2120 Calumet 

Clearwater, FL 3351 5 

813/443-4514 

TWX 810/866-0436 

Kierulff Electronics 

3247 Tech Drive 

St. Petersburg, FL 33702 

813/576-1966 

TWX 810/863-5625 



GEORGIA 

Arrow Electronics 

2979 Pacific Drive 

Norcross, GA 30071 

404/449-8252 

TWX 810/766-0439 

Schweber Electronics 

303 Research Drive, Suite 210 

Norcross, GA 30092 

404/449-9170 

ILLINOIS 

Arrow Electronics 

492 Lunt Avenue 

P. O. Box 94248 

Schaumburg, IL 60193 

312/893-9420 

TWX 910/291-3544 

Kierulff Electronics 

1 536 Landmeier Rd. 

Elk Grove Village, IL 60007 

312/640-0200 

TWX 910/222-0351 

Schweber Electronics 

904 Cambridge Dr. 

Elk Grove Village, IL 60007 

312/364-3750 

INDIANA 

Advent Electronics 
8446 Moller 
Indianapolis, IN 46268 
317/872-4910 
TWX 81 0/341 -3228 
Arrow Electronics 
2718 Rand Road 
Indianapolis, IN 46241 
317/243-9353 
TWX 81 0/341 -31 19 
Pioneer Electronics 
6408 Castleplace Drive 
Indianapolis, IN 46250 
317/849-7300 
TWX 810/260-1794 

IOWA 

Advent Electronics 

682 58th Avenue 

Court South West 

Cedar Rapids, lA 52404 

319/363-0221 

TWX 910/525-1337 

Arrow Electronics 

1 930 St. Andrews Dr., NE 

Cedar Rapids, lA 52402 

(319)395-7230 



MARYLAND 

Arrow Electronics 
4801 Benson Avenue 
Baltimore, MD 21 227 
301/247-5200 
TWX 710/236-9005 
Pioneer Electronics 
9100 Gaither Road 
Gaithersburg, MD 20877 
301/948-0710 
TWX 710/828-0545 
Schweber Electronics 
9218 Gaither Rd. 
Gaithersburg, MD 20877 
301/840-5900 
TWX 710/828-9749 

MASSACHUSETTES 

Arrow Electronics 
Arrow Drive 
Woburn, MA 01801 
617/933-8130 
TWX 710/393-6770 
Kierulff Electronics 
13 Fortune Drive 
Bilierica, MA01865 
617/935-5134 
TWX 710/390-1449 
Lionex Corporation 
1 North Avenue 
Burlington, MA 01 803 
617/272-1660 
TWX 710/332-1387 
Schweber Electronics 
25 Wiggins Avenue 
Bedford, MA 01 730 
617/275-5100 
TWX 710/326-0268 
Zeus/New England, Inc. 
25 Adams Street 
Burlington, MA 01 803 
617/273-0753 
TWX 710/322-0716 

MICHIGAN 

Arrow Electronics 
3810 Varsity Drive 
Ann Arbor, Ml 48104 
313/971-8220 
TWX 810/223-6020 
Pioneer Electronics 
13485 Stamford 
Livonia, Ml 48150 
313/525-1800 
TWX 810/242-3271 
Schweber Electronics 
10260 Hubbard Ave. 
Livonia, Ml 48150 
313/525-8100 
TWX 810/242-2983 



MINNESOTA 

Arrow Electronics 
5230 W. 73rd Street 
Edina, MN 55435 
612/830-1800 
TWX 91 0/576-31 25 
Kierulff Electronics 
7667 Cahill Rd. 
Edina, MN 55435 
612/941-7500 
TWX 91 0/576-2721 

MISSOURI 

Arrow Electronics 
2380 Schuetz Road 
St. Louis, MO 63141 
314/567-6888 
TWX 910/764-0882 
Olive Electronics 
9910 Page Blvd. 
St. Louis, MO 63132 
314/426-4500 
TWX 910/763-0720 
Semiconductor Spec 
3805 N. Oak Trafficway 
Kansas City, MO 641 16 
816/452-3900 
TWX 910/771 -21 14 

NEW HAMPSHIRE 

Arrow Electronics 
1 Perimeter Rd. 
Manchester, NH 03103 
603/668-6968 
TWX 710/220-1684 

NEW JERSEY 

Arrow Electronics 
Pleasant Valley Avenue 
Morrestown, NJ 08057 
609/235-1900 
TWX 710/897-0829 
Arrow Electronics 
285 Midland Avenue 
Saddlebrook, NJ 07662 
201/797-5800 
TWX 710/988-2206 
Kierulff Electronics 
3 Edison Place 
Fairfield, NJ 07006 
201/575-6750 
TWX 710/734-4372 
Schweber Electronics 
18 Madison Road 
Fairfield, NJ 07006 
201/227-7880 
TWX 710/734-4305 
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U.S. AND CANADIAN DISTRIBUTORS 



NEW MEXICO 

Arrow Electronics 
2460 Alamo Ave. S.E. 
Albuquerque, NM 87106 
505/243-4566 
TWX 910/989-1679 

NEW YORK 

Add Electronic 

7 Adier Drive 

E. Syracuse, NY 1 3057 ^ 

315/437-0300 

Arrow Electronics 

900 Broad Hollow Rd. 

Farmingdale, L.l., NY11735 

516/694-6800 

TWX 51 0/224-6494 

Arrow Electronics 

7705 Maltlage Drive 

P.O. Box 370 

Liverpool, NY 1 3088 

315/652-1000 

TWX 710/545-0230 

Arrow Electronics 

3000 S. Winton Road 

Rochester, NY 14623 

716/275-0300 

TWX 510/253-4766 

Arrow Electronics 

20 0serAve. 

Hauppauge, NY 11787 

516/231-1000 

TWX 51 0/227-6623 

Lionex Corporation 

400 Oser Ave; 
Hauppauge, NY 11787 
516/273-1660 
TWX 510/227-1042 
Schweber Electronics 
3 Town Line Circle 
Rochester, NY 14623 
716/424-2222 
Schweber Electronics 
Jericho Turnpike 
Westbury, NY11590 
516/334-7474 

TWX 51 0/222-3660 
Zeus/Long island 

401 Broad Hollow Rd. 
Melville, NY 11 746 
516/752-9551 
TWX 710/567-1248 

Zeus Components (Components, Inc. 

100 Midland Avenue 

PortChester, NY 10573 

914/937-74CfO 

TWX 71 0/567-1 248 ■ 

NORTH CAROLINA 

Arrow Electronics 

938 Burke St. 

Winston Salem, NO 27102 

919/725-8711 

TWX 510/931 -31 69 

Arrow Electronics 

31 1 7 Poplarwood Court 

Suite123, P.O. Box95163 

Raleigh, NC 27625 

TWX 91 9/876-31 32 

Hammond Electronics 

2923 Pacific Avenue 

Greensboro, NC 27406 

919/275-6391 

TWX 510/925-1094 



OHIO 

Arrow Electronics 
7620 McEwen Road 
Centerville, OH 45459 
513/435-5563 
TWX 810/459-1611 
Arrow Electronics 
6238 Cochran Road 
Solon, OH 44139 
216/248-3990 
TWX 81,0/427-9409 
Pioneer Electronics 
4800 East 131 St Street 
Cleveland, OH 44105 
216/587-3600 
TWX 810/422-2211 
Pioneer Electronics 
4433 Interpoint Blvd. 
Dayton, OH 45424 
513/236-9900 
TWX 810/459-1622 
Schweber Electronics 
23880 Commerce Park Road 
Beachwood, OH44122 
216/464-2970 
TWX 810/427-9441 

OKLAHOMA 

Quality Components 
9934 East 21st South 
Tulsa, OK 74129 
918/664-8812 

OREGON 

Kierulff Electronics 
14273 NW Science Park 
Portland, OR 97229 
503/641-9150 
TWX 910/467-8753 

PENNSYLVANIA 

Arrow Electronics 
650 Seco Rd. 
Monroeville, PA 15146 
412/856-7000 
Pioneer Electronics 
560 Alpha Drive 
Pittsburgh, PA 15238 
412/782-2300 
TWX 710/795-3122 
Pioneer Electronics 
261 Gibraltar 
Horsham, PA 19044 
215/674-4000 
TWX 510/665-6778 
Schweber Electronics 
101 Rock Road 
Horsham, PA 19044 
215/441-0600 

SOUTH CAROLINA 

Hammond Electronics 
1035 Lowndes Hill Rd. 
Greenville, SC 29602 
803/233-4121 
TWX 810/281 -2233 



TEXAS 

Arrow Electronics 
10125 Metropolitan Dr. 
Austin, TX 78758 
512/835-4180 
Arrow Electronics 
13715 Gamma Road 
Dallas, TX 75240 
214/386-7500 
TWX 910/860-5377 
Arrow Electronics 
10700 Corporate Drive 
Suite 100 
Stafford, TX 77477 
713/491-4100 
TWX 910/880-4439 
Quality Components 
4257 Kellway Circle 
Addison, TX 75001 
214/387-4949 
TWX 91 0/860-5459 
Quality Components 
2427 Rutland Drive 
Austin, TX 78758 
512/835-0220 
TWX 91 0/874-1 377 
Quality Components 
6126Westline 
Houston, TX 77036 
713/772-7100 
Schweber Electronics 
10625 Richmond, Suite 100 
Houston, TX 77042 
713/784-3600 
TWX 91 0/881 -4836 
Zeus/Dallas, Inc. 
14001 GoldmarkDr. 
Suite 250 
Dallas, TX 75240 
214/783-7010 
TWX 910/867-9422 



UTAH 

Arrow Electronics 
4980 Amelia Earhart Dr. 
Salt Lake City, UT 841 16 
(801)539-1135 
Kierulff Electronics 
2121 South 3600 West 
Salt Lake City, UT 841 19 
801/973-6913 

WASHINGTON 

Arrow Electronics 
14320 NE 21st 
Bellevue, WA 98005 
(206) 643-4800 
TWX 91 0/444-201 7 
Kierulff Electronics 
1053 Andover Park East 
Tukwila, WA 98188 
206/575-4420 
TWX 91 0/444-2034 
Zeus/ West 
23701 150th S.E. 
Monroe, WA 98279 

WISCONSIN 

Arrow Electronics 
434 Rawson Avenue 
Oak Creek, Wl 53154 
414/764-6600 
TWX 91 0/262-1 193 
Kierulff Electronics 
2212 E.Moriiand Blvd. 
Waukesha, Wl 531 86 
414/784-8160 
TWX 910/265-3653 



CANADA 

Preico Electronics 

2767 Thames Gate Drive 

Mississauga, Ontario 

Toronto L4T 1 G5 

416/678-0401 

TWX 610/492-8974 

Preico Electronics . 

480 Port Royal St. W. 

Montreal 357 P.O. H3L 2B9 

514/389-8051 

TWX 610/421-3616 

Preico Electronics 

1770 Woodward Drive 

Ottawa, Ontario K2C 0P8 

613/226-3491 

Telex 05-34301 

R.A.E. Industrial 

3455 Gardner Court 

Burnaby, B.C. V5G 4J7 

604/291-8866 

TWX 610/929-3065 

Zentronics 

141 Catherine Street 

Ottawa, Ontario 

K2P1C3 

613/238-6411 

Zentronics 

8 Tilbury Court 

Brampton, Ontario 

L6T3T4 (Toronto) 

416/451-9600 

Telex 06-97678 

Zentronics 

505 Locke St. 

St. Laurent, Quebec 

H4T 1X7 

514/735-5361 

Telex 058-27535 

Zentronics 

590 Berry Street 

St. James, Manitoba 

R2H 0R4 

204/775-8661 

Zentronics 

480 "A" Dutton Drive 

Waterloo, Ontario 

N2L4C6 

519/884-5700 

R.A.E. Industrial 

11 680 170th St. 

Edmonton, Alberta T5S 1 J7 

403/451-4001 

Telex 03-72653 

Zentronics 

550 Cambie St. 

Vancouver, B.C. V6B 2N7 

604/688-2533 

Telex 04507789 

Zentronics 

3651 21 st Street, N.E. 

Calgary, Alberta T2E 6T5 

403/230-1422 

Zentronics 

9224 27th Avenue 

Edmonton, Alberta T6N 1 B2 

403/463-3014 

Zentronics 

30 Sommonds Drive, Unit B 

Dartmouth, N.S. B3B1R3 

902/463-841 1 



*Franchised for USA and Canada excluding California for military products 
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INTERNATIONAL MARKETING OFFICES 



EUROPEAN HEAD OFFICE 

Mostek International 

Av de Tervuren 270-272 Bte 21 

B-11 50 Brussels/Belgium 

02/762.18.80 

Telex: 6201 1 

FRANCE 

Mostek France s.a.r.l. 
30 Rue du Morvan 
SILIC 505 

F-94623 Rungis Cedex 
(1)687 34.14 
Telex: 204049 



GERMANY 

PL21-5 
Mostek GmbH 
Friedlandstrasse 1 
D-2085 Quickborn 
(04106) 2077/78 
Telex: 213685 

PL2 6-7 
Mostek GmbH 
Schurwaldstrasse 15 
D-7303 Neuhausen/Fllder 
(07158)66.45 
Telex: 72.38.86 



PLZ8 

Mostek GmbH 
Zaunkonigstr. 18 
D-8012 0ttobrunn 
(089)95.10.71 
Telex: 5216516 

ITALY 

Mostek Italia SRL 

Via F.D. Guerrazzi 27 

l20145Milano 

(02)318.5337/349.2696 

and 34.23.89 

Telex: 333601 



JAPAN 

Mostek Japan KK 
Sanyo BIdg. 3F 
1 -2-7 Kita-Aoyama 
Minato-Ku, Tokyo 107 
(03) 404-7261 
Telex: J23686 

SWEDEN 

Mostek Scandinavia AB 

Spjulvagen 7 

S- 17561 Jfirffilla 

Sweden 

08-36.2820 

Telex: 12997 



UNITED KINGDOM 

Mostek U.K. Ltd. 
Masons House, 
1 -3 Valley Drive 
Kingsbury Road 
London, N.W.9 
01 -204 9322 
Telex: 25940 

FAR EAST 

Mostek Asia Ltd. 

Kam Chung Commercial BIdg. 

19HennessyRd. 11 /FL 

P.O. Box 10786 Hong Kong 

Phone: 5.296.886 

Telex: 78072585 MKHK 




INTERNATIONAL SALES REPRESENTATIVES/DISTRIBUTORS 



ARGENTINA 

Rayo Electronics S.R.L 
Belgrano 990, Pisos 6y2 
1092 Buenos Aires 
(38)-1 779, 37-9476 
Telex -122153 

AUSTRALIA 

Amtron Tyree Pty.Ltd. 
176 Botany Street 
Waterloo, N.S.W. 2017 
(61)69-89.666 
Telex - 25643 

AUSTRIA 

Transistor Vertriebsges, mbH 
Auhofstrasse 41 A 
A-1 130 Vienna 
(0222)82 9451,83 9404 
Telex -01 33738 

BRASIL 

Cosele, Ltd. 

Rua da Consolacao, 867 

Conj. 31 

01301 Sao Paulo 

(55) 11-257.35.35/258.43.25 

Telex -1130869 

BELGIUM 

Sotronic 

14RuePere De Deken 
B- 1040 Brussels 
02 736.10.07 
Telex -25141 

DENMARK 

Semicap APS 
Gammel Kongevej 1 48 
DK-1 850 Copenhagen 
01-22.15.10 
Telex -15987 

FINLAND 

Insele Oy 
Kumpulantie 1 
SF-00520 Helsinki 52 
735 774 
Telex: 122217 

FRANCE 

Copel 

Rue Fourny, Z.I. 

B.P. 22, F-78 530 BUC 

(1)956 1018 

Telex: 69379 

Facen 

IIOAvde Flandre 

F59290 Wasquehal. Nord 

(2)98.92.15 

Branch Offices in 
Chalon/Saone, Lille, 
Nancy, Rouen, Strasbourg 



Mecodis 

2 Rue Pasteur 

F-94380 Bonneuil 

(1)339.20.20 

Telex: 250303 

P.E.P. 

4 Rue Barthelemy 

F-92120Montrouge 

(1)-735.33.20 

Telex: 204 534 

Scaib 

80 Rue d'Arcueil 

SILIC 137 

F-94523 Rungis Cedex 

(1)-687.23.12 

Telex: 204674 

Sorhodis 

150-152, Rue A. France 

F69100Villeurbanne 

(78) 850044 

Telex: 380181 

GERMANY 

Dr Dohrenberg 
Bayreuther Strasse 3 
D-1000 Berlin 30 
(030)213.80.43 
Telex: 184860 

Neye Enatechnik GmbH 
Schillerstrasse 1 4 
D-2085 Quickborn 
(04106)612-1 
Telex: 213.590 

Branch offices in: Berlin, Hannover, 
Dusseldorf, Darmstadt, Stuttgart, 
Munchen 

Raffel-Electronic GmbH 
Lochnerstrasse 1 
D-4030 Ratingen 1 
(2102)280.24 
Telex: 8585180 

Siegfried Ecker 
Koenigsberger Strasse 2 
D-6120Michelstadt 
(6061)2233 
Telex; 4191630 

Matronic GmbH 
Lichtenberger Weg 3 
D-7400 Tuebingen 
(7071)24331 
Telex: 7262879 

Dema-Electronic GmbH 
Bluetenstrasse 21 
D-8000 Munchen 40 
(089)288018/19 
Telex: 05-29345 



HONG KONG 

Cet Limited 

1402 Tung Wah Mansion 

199-203 Hennessy Road 

Wanchai, Hong Kong 

(5)-72.93.76 

Telex -85148 

ISRAEL 

Telsys Ltd. 

1 2, Kehilat Venetsia St. 

Tel Aviv. Israel 

482126/7/8 

Telex: 032392 

ITALY 

Comprel s.r.l. 
V.le Romagna. 1 
1-20092 Cinisello B. (Ml) 
(02)61.20.641/2/3/4/5 
Telex: 332484 

Branch offices in 
Bologna, Firenze, 
Lavagna, Loreto, 
Padova, Roma, Torino, 
Vicenza, Bari 

Emesa S.P.A. 
Via L da Viadana, 9 
1-20122 Milano 
(02)869.0616 
Telex: 335066 

Branch offices in 
Torino, Bologna, Roma 

JAPAN 

Systems Marketing, Inc. 
4th Floor, Shindo BIgd. 
3-12-5 Uchikanda, 
Chiyoda-Ku, 
Tokyo, 100 
(81)3-254.27.51 
Telex - 25761 

Teijin Advanced Products Corp. 
1-1 Uchisaiwai-Cho 
2-Chome Chiyoda-Ku 
Tokyo, 100 
(81)3-506.46.73 
Telex - 23548 

KOREA 

Vme Overseas Trading Corp. 

Room 308 Korea Electric 

Association BIdg. 
1 1 -4 Supyo-Dong Jung-Ku 
Seoul 
(82)2-66-1663 



THE NETHERLANDS 

Nijkerk Elektronika BV 

Drentestraat 7 

NL- 1083 HK Amsterdam 

(020) 428. 933 

Telex: 11625 

NEW ZEALAND 

E.C.S. Div. of Airspares 

P.O. 80x1048 

Airport Palmerston North 

(77)-047 

Telex - 3766 

NORWAY 

Hefro Teknisk A/S 
Postboks 6596 
Rodelokka, Oslo 5 
02-38.02.86 
Telex: 16205 

PORTUGAL 

Digicontrole LDA 
Av. de Roma 105 
Sexto Esquerdo 
1700Lisboa 
19.682.428 
Telex: 15084 

SINGAPORE 

Dynamar International, LTD. 
Suite 526, Cuppage Road 
Singapore 0922 

SOUTH AFRICA 

Radiokom 

P.O. Box 56310 

Pinegowrie 

2123, 

Transvaal 

789-1400 

Telex - 8-0838 SA 

SPAIN 

Comelta S.A. 

Emilio Munoz41, ESC 1 

Planta 1 Nave 2 

Madrid- 17 

01-754 3001/3007 

Telex: 42007 

Branch Office 
Diputacion, 79 
Entlol 

Barcelona-15 
325 70 62 
325 75 75 
Telex: 519 34 



SWEDEN 

TRACO AB, Box 32 
S- 12221 Enskede 
08-13 21 60 
Telex: 10 689 

Lagercrantz Elektronik AB 

Box 48 

S-19421 UpplandsVasby 

0760 861 20 

Telex: 11275 

SWITZERLAND 

Memotec AG 
Gaswerkstrasse, 32 
CH-4901 Langenthal 
063-28.11.22 
Telex: 68636 

TAIWAN 

Dynamar Taiwan Limited 

P.O. Box 67-445 

2nd Floor, No. 14, Lane 164 

Sung-Chiang Road 

Taipei 

5418251 

Telex -11064 

UNITED KINGDOM 

Celdis Limited 

37-39 Loverock Road 

Reading 

Berks RG 31 ED 

0734-58.51.71 

Telex: 848370 

Lock Distribution Ltd. 
Neville Street 
Chadderton 
Oldham 
Lancashire 
0L9 6LF 
061-652.04.31 
Telex: 669971 

Pronto Electronic Systems Ltd. 
466-478 Cranbrook Road, 
Gants Hill llford 
Essex 1G2 6LE 
01-554 6222 
Telex: 895 4213 

VSI Electronics (UK) Ltd. 

Roydondury Industrial Park 

Horsecroft Rd. 

Harlow 

EssexCM19 5BY 

(0279) 35477 

Telex: 81387 

Thame Components Ltd. 
Thame Park Road 
Thame, Oxon 0X9 3XD 
084 4213146 
Telex: 837917 
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1.0 INTRODUCTION 

The term "microcomputer" has been used to describe virtually every type of small computing device 
designed within the last few years. This term has been applied to everything from simple 
"microprogrammed" controllers constructed out of TTL MSI to low end minicomputers with a portion of the 
CPU constructed out of TTL LSI "bit slices." However, the major impact of the LSI technology within the last 
few years has been with MOS LSI. With this technology, it is possible to fabricate complete and very 
powerful computer systems with only a few MOS LSI components. 

The Mostek Z80 family of components is a significant advancement in the state-of-the-art of 
microcomputers. These components can be configured with any type of standard semiconductor memory 
to generate computer systems with an extremely wide range of capabilities. For example, as few as two LSI 
circuits and three standard TTL MSI packages can be combined to form a simple controller. With additional 
memory and I/O devices, a computer can be constructed with capabilities that only a minicomputer could 
previously deliver. This wide range of computational power allows standard modules to be constructed by a 
user that can satisfy the requirements of an extremely wide range of applications. 

The major reason for MOS LSI domination of the microcomputer market is the low cost of these few LSI 
components. For example, MOS LSI microcomputers have already replaced TTL logic in such applications 
as terminal controllers, peripheral device controllers, traffic signal controllers, point of sale terminals, 
intelligent terminals and test systems. In fact the MOS LSI microcomputer is finding its way into almost 
every product that now uses electronics and it is even replacing many mechanical systems such as weight 
scales and automobile controls. 

The MOS LSI microcomputer market is already well established and new products using microcomputer 
devices are being developed at an extraordinary rate. The Mostek Z80 component set has been designed to 
fit into this market through the following factors: 

1 . The Z80 is fully software compatible with the popular 8080A CPU offered from several sources. 
Existing designs can be easily converted to include the Z80 as a superior alternative. 

2. The Z80 component set is superior in both software and hardware capabilities to any other 8-bit 
microcomputer system on the market. These capabilities provide the user with significantly lower 
hardware and software development costs while also allowing him to add additional features in his 
system. 

3. A complete development and OEM system product line including full software support is available to 
enable the user to develop new products easily. 

Microcomputer systems are extremely simple to construct using Z80 components. Any such system 
consists of three parts: 

1 . CPU (Central Processing Unit) 

2. Memory 

3. Interface circuits to peripheral devices 

The CPU is the heart of the system. Its function is to obtain instructions from the memory and perform the 
desired operations. The memory is used to contain instructions and in most cases data that is to be 
processed. For example, a typical instruction sequence may be to read data from a specific peripheral 
device, store it in a location in memory, check the parity, and write it out to another peripheral device. Note 
that the Mostek component set includes the CPU and various general purpose I/O device controllers, as 
well as a wide range of memory devices. Thus, all required components can be connected together In a very 
simple manner with virtually no other external logic. The user's effort then becomes primarily one of 
software development. That is, the user can concentrate on describing his problem and translating it into a 
series of instructions that can be loaded into the microcomputer memory. Mostek is dedicated to making 
this step of software generation as simple as possible. A good example of this dedication is our assembly 
language in which a simple mnemonic is used to represent every Instruction that the CPU can perform. This 
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language is self documenting in such a way that from the mnemonic, the user can understand exactly 
what the instruction is doing without constantly checking back to a complex cross listing. 
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2.0 Z80-CPU ARCHITECTURE 

A block diagram of the internal architecture of the Z80-CPU is shown in Figure 2.0-1 . The diagram shows 
all of the major elements in the CPU and it should be referred to throughout the following description. 

Z80-CPU BLOCK DIAGRAM 
Figure 2.0-1 
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2.1 CPU REGISTERS 

The Z80-CPU contains 208 bits of R/W memory that are accessible to the programmer. Figure 2.0-2 
illustrates how this memory is configured into eighteen 8-bit registers and four 1 6-bit registers. All 
Z80 registers are implemented using static RAM. The registers include two sets of six general 
purpose registers that may be used individually as 8-bit registers or in pairs as 1 6-bit registers. There 
are also two sets of accumulator and flag registers. 

Special Purpose Registers 

1. Program Counter (PC). The program counter holds the 16-bit address of the current 
instruction being fetched from memory. The PC is automatically incremented after its contents 
have been transferred to the address lines. When a program jump occurs, the new value is 
automatically placed in the PC, overriding the incrementer. 

2. Stack Pointer (SP). The stack pointer holds the 1 6-bit address of the current top of a stack 
located anywhere in external system RAM memory. The external stack memory is organized as 
a last-in first-out (LIFO) file. Data can be pushed onto the stack from specific CPU registers or 
popped off the stack into specific CPU registers through the execution of PUSH and POP 
instructions. The data popped from the stack is always the last data pushed onto it. The stack 
allows simple implementation of multiple level interrupts, unlimited subroutine nesting and 
simplification of many types of data manipulation. 

3. Two Index Registers (IX & lY). The two independent index registers hold a 1 6-bit base address 
that is used in indexed addressing modes. In this mode, an index register is used as a base to 
point to a region in memory from which data is to be stored or retrieved. An additional byte Is 
included in indexed instructions to specify a displacement from this base. This displacement is 
specified as a two's complement signed integer. This mode of addressing greatly simplifies 
many types of programs, especially where tables of data are used. 
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Z80-CPU REGISTER CONFIGURATION 
Figure 2.0-2 
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4. Interrupt Page Address Register (I). The Z80-CPU can be operated in a mode where an indirect 
call to any memory location can be achieved in response to an interrupt. The I Register is used 
for this purpose to store the high order 8-bits of the indirect address while the interrupting 
device provides the lower 8-bits of the address. This feature allows interrupt routines to be 
dynamically located anywhere in memory with absolute minimal access time to the routine. 

5. Memory Refresh Register (R). The Z80-CPU contains a memory refresh counter to enable 
dynamic memories to be used with the same ease as static memories. This 7-bit register is 
automatically incremented after each instruction fetch. The data in the register Is automatically 
incremented after each instruction fetch. The data in the refresh counter is sent out on the lower 
portion of the address bus along with a refresh control signal while the CPU is decoding and 
executing the fetched instruction. This mode of refresh istotallytransparenttothe programmer 
and does not slowdown the CPU operation. The programmer can load the R register for testing 
purposes, but this register is normally not used by the programmer. 

Accumulator and Flag Registers 

The CPU includes two independent 8-bit accumulators and associated 8-bit flag registers. The 
accumulator holds the results of 8-bit arithmetic or logical operations while the flag register 
indicates specific conditions for 8 or 1 6-bit operations, such as indicating whether or not the result of 
an operation is equal to zero. The programmer selects with a single exchange instruction the 
accumulator and flag pair that he wishes to work with so that he may easily work with either pair. 

General Purpose Registers 

There are two matched sets of general purpose registers, each set containing six 8-bit registers that 
may be used individually as 8-bit register or as 1 6-bit register pairs by the programmer. One set is 
called BC, DE, and HL while the complementary set is called BD', DE' and HL'. At any one time the 
programmer can select either set of registers to work with through a single exchange command for 
the entire set. In systems where fast interrupt response is required, one set of general purpose 
registers and an accumulator/flag register maybe reserved for handling this very fast routine. Only 
a simple exchange command need be executed to go between the routines. This command greatly 
reduces interrupt service time by eliminating the requirement for saving and retrieving register 
contents in the external stack during interrupt or subroutine processing. These general purpose 
registers are used for a wide range of applications by the programmer. They also simplify 
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programming, especially in ROM based systems where little external read/write memory Is 
available. 

2.2 ARITHMETIC & LOGIC UNIT (ALU) 

The 8-bit arithmetic and logical instructions of the CPU are executed in the ALU. Internally the ALU 
communicates with the registers and the external data bus on the internal data bus. The type of 
functions performed by the ALU includes: 

Add Left or right shifts or rotates (arithmetic and logical) 

Subtract Increment 

Logical AND Decrement 

Logical OR Set bit 

Logical Exclusive OR Reset bit 

Compare Test bit 

2.3 INSTRUCTION REGISTER AND CPU CONTROL 

As each instrution is fetched from memory, it is placed in the instruction register and decoded. The 
control section performs this function, then generates and supplies all of the control signals 
necessary to read or write data from or to the registers, controls the ALU and provides all required 
external control signals. 
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3.0 Z80-CPU PIN DESCRIPTION 

The Z80-CPU is packaged in an industry-standard 40 pin Dual In-Line Package. The I/O pins are shown in 
Figure 3.0-1 and the function of each is described below. 

Z80 PIN CONFIGURATION 
Figure 3.0-1 
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Tri-state output active high. Aq-A^5 constitute a 16-bit address bus. The 
address bus provides the address for memory (up to 64K bytes) data exchanges 
and for I/O device data exchanges. I/O addressing uses the 8 lower address 
bits to allow the user to select up to 256 input or 256 output ports directly. Aq is 
the least significant address bit. During refresh time, the lower 7 bits contain a 
valid refresh address. 



D0-D7 
(Data Bus) 



Tri-state input/output, active high. Dg-Dy constitute an 8-bit bidirectional data 
bus. the data bus is used for data exchanges with memory and I/O devices. 



(Machine Cycle one) 



Output, active low. M-| indicates that the current machine cycle is the OP code 
fetch cycle of an Instruction execution. Note that during execution of 2-byte 
op-codes, M^ is generated as each op code byte is fetched. These two byte 
op-co des always begin with CBH, DDH, EDH, or FDH. M^ also occurs with 
lORQ to indicate an interrupt acknowledge cycle. 



MREQ 

(Memory Request) 



Tri-state output, active low. The memory request signal indicates that the 
address bus holds a valid address for a memory read or memory write opera- 
tion. 



lORQ 

(Input/Output Request) 



Tri-state output, active low. The lORQ signal indicates that the lower half of the 
addre ss bus holds a valid I/O address for an I/O read or write operation. An 
lORQ signal is also generated with an M^ signal when an interrupt is being 
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acknowledged to indicate that an Interrupt response vector can be placed on 
the data bus. Interrupt Acknowledge operations occur during M^ time while 
I/O operations never occur during Ml time. 

RD Tri-state output, active low."RD indicates that the CPU wants to read data from 

(Memory Read) memory or an I/O device. The addressed I/O device or mernory should use 

this signal to gate data onto the CPU data bus. 

WR Tri-state output, active low. WR indicates that the CPU data bus holds valid data 

(Memory Write) to be stored In the addressed memory or I/O device. 

RFSH Output, active low. RFSH indicates that the lovver 7 bits of th e addre ss bus 

(Refresh) contain a refresh address for dynamic memories and current MREQ signal 

should be used to do a refresh read to all dynamic memories. Ay is a logic zero 
and the upper 8 bits of the Address Bus contain the I Register. 



HALT 
(Halt state) 



Output, active low. HALT Indicates that the CPU has executed a HALT software 
instruction and is awaiting either a non maskable or a maskable interrupt (with 
the mask enabled) before operation can resume. While halted, the CPU 
executes N OP'S to maintain memory refresh activity. 



WAIT* 
(Wait) 



INT 

(Interrupt Request) 



Input, active low. WAIT indicates to the Z80-CPU that the addressed memory 
or I/O devices are not ready for a data transfer. The CPU continues to enter 
wait states for as long as this signal is active. This signal allows memory or I/O 
devices of any speed to be synchronized to the CPU. 

Input, active low. The Interrupt Request signal is generated by I/O devices. A 
request will be honored at the end of the current instruction if the internal 
software controlled Interrupt enable flip-flop (IFF) is enabled and if the BUSRQ 
signal is not active. When the CPU accepts the interrupt, an acknowledge 
signal (IQRQduring M^ time) is sent out at the beginning of the next Instruction 
cycle. The CPU can respond to an interrupt In three different modes that are 
described in detail in section 8. 



NMI 



Input, negative edge triggered. The non maskable Interrupt request line has a 
higher priority than INT and is always recognized at the end of the current 
instruction, independent of the status of the interrupt enable flip-flop. NMI 
automatically forces the Z80-CPU to restart to location 0066^. The program 
counter is automatically saved In the external stack so that the user can return 
to the program that was interrupted. Note that continuous WAIT cycles can 
prevent the current instruction from ending, and that a BUSRQ will override a 
NIVfT. 



RESET 



Input, active low. RESET forces the program counter to zero and initializes the 
CPU. The CPU initialization will: 



1 ) Disable the Interrupt enable flip-flop 

2) Set Register I = OOh 

3) Set Register R = OOh 

4) Set Interrupt Mode 

During reset time, the address bus and data bus go to a high impedance state 
and all control output signals go to the inactive state. No refresh occurs. 



BUSRQ 
(Bus Request) 



Input, active low. The bus request signal is used to request the CPU address 
bus, data bus and tri-state output control signals to go t o a high impedance 
state so that other devices can control these buses. When BUSRQ is activated, 
the CPU will set these buses to a high impedance state as soon as the current 
CPU machine cycle is terminated. 
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BUSAk* Output, active low. Bus acknowledge is used to indicate to the requesting 

(Bus Acknowledge) device that the CPU address bus, data bus and tri-state control bus signals 

have been set to their high impedance state and the external device can now 

control these signals. 

4> Single phase system clock. 



*While the Z80-CPU is in either a WAIT state or a Bus Acknowledge condition. Dynamic Memory Refresh 
will not occur. 
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4.0 CPU TIMING 

The Z80-CPU executes instructions by stepping through a very precise set of a few basic operations. These 
include: 

Memory read or write 

I/O device read or write 



Interrupt acknowledge 

All instructions are merely a series of these basic operations. Each of these basic operations can take from 
three to six clock periods to complete or they can be lengthened to synchronize the CPU to the speed of 
external devices. The basic clock periods are referred to as T states and the basic operations are referred to 
as M (for machine) cycles. Figure 4.0-0 illustrates how a typical instruction will be merely a series of specific 
M and T cycles. Notice that this instruction consists of three machine cycles (Ml, M2 and M3). The first 
machine cycle of any instruction is a fetch cycle which is four, five, or six T states long (unless lengthened by 
the wait signal which will be fully described in the next section). The fetch cycle (M 1 ) is used to fetch the OP 
code of the next instruction to be executed. Subsequent machine cycles move data between the CPU and 
memory or I/O devices, and they may have anywhere from three to five T cycles (again they may be 
lengthened by wait states to synchronize the external devices to the CPU). The following paragraphs 
describe the timing which occurs within any of the basic machine cycles. In section 7, the exact timing of 
each instruction is specified. 




BASIC CPU TIMING EXAMPLE 
Figure 4.0-0 




All CPU timing can be broken down into a few very simple timing diagrams as shown in Figure 4.0-1 
through 4.0-7. These diagrams show the following basic operations with and without wait states (wait 
states are added to synchronize the CPU to slow memory or I/O devices). 

4.0-1. Instruction OP code fetch (Ml cycle) 

4.0-2. Memory data read or write cycles 

4.0-3. I/O read or write cycles 

4.0-4. Bus Request/ Acknowledge Cycle 

4.0-5. Interrupt Request/ Acknowledge Cycle 

4.0-6. Non maskable Interrupt Request/ Acknowledge Cycle 

4.0-7. Exit from a HALT instruction 
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INSTRUCTION FETCH 

Figure 4.0-1 shows the timing during an Ml cycle (OP code fetch). Notice that the PC is placed on the 
address bus atthe beginning of the Ml cycle. One half clock time later the MREQ signal goes active. At this 
time the address to the memory has had time to stabilize so that the falling edge of MREQ can be used 
directly as a chip enable clock to dynamic memories. The RD line also goes active to indicate that the 
memory read data should be enabled onto the CPU data bus. The CPU samples the data from the meitiory 
on the data bus with the rising edge of the clock of state T3 and this same edge is used by the CPU to turn off 
the RD and MREQ signals. Thus the data has already been sampled by the CPU before the RD signal 
becomes inactive. Clock state T3 and T4 of a fetch cycle are used to refresh dynamic memories. (The CPU 
uses this time to decode and execute the fetched instruction so that no other operation could be performed 
at t his time ). During T3 and T4, the lower 7 bits of the address bus contain a memory refresh address and 
the RFSH signal becomes active to indicate that a refresh read of all dynamic memories should be 
accomplished. Notice that an RD signal is not generated during refresh time to prevent data from different 
memory segments from being gated onto the data bus. The MREQ signal during refresh time should be 
used to perform a refresh read of all memory elements. The refresh signal cannot be used by Itself since the 
refresh address is only guaranteed to be stable during MREQ time. 



INSTRUCTION OP CODE FETCH 
Figure 4.0-1 
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Figure 4.0-1 A illustrates how the fetch cycle is d elayed if the memory activates the WAIT lin e. Dur ing T2 
and every subsequent Tw, the CPU samples the WAIT line with the falling edge of 4>. If the WAIT line is 
active at this time, another wait state will be entered during the following cycle. Using this technique, the 
read cycle can be lengthened to match the access time of any type of memory device. 
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INSTRUCTION OP CODE FETCH WITH WAIT STATES 
Figure 4.0-1 A 
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MEMORY READ OR WRITE 

Figure 4.0-2 illustrates the timing of memory read or write cycles other than an OP code fetch (Ml cycle). 
These cycles are generally three clock periods long unless wait states are requested by the memory via the 
WAIT signal. The MRE Q signal and the RD signal are used the same as in the fetch cycle. In the case of a 
memory write cycle, the MREQ also becomes active when the address bus is stable so that it can be used 
directly as a chip enable for dynamic memories. The WR line is active when data on the data bus is stable so 
that it can be used directly as a R/W pulse to virtually any type of semiconductor memory. Furthermore, the 
WR signal goes inactive one half T state before the address and data bus contents are changed so that the 
overlap requirements for virtually any type of semiconductor memory type will be met. 



MEMORY READ OR WRITE CYCLES 
Figure 4.0-2 
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Figure 4.0- 2A illustrates how a WAIT request signal will lengthen any memory read or write operation. This 
operation is identical to that previously described for a fetch cycle. Notice in this figure that a separate read 
and a separate write cycle are shown in the same figure although read and write cycles can never occur 
simultaneously. 

MEMORY READ OR WRITE CYCLES WITH WAIT STATES ~~~ ~~^ 

Figure 4.0-2A 
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INPUT OR OUTPUT CYCLES 

Figure 4.0-3 illustrates an I/O read or I/O write operation. Notice that during I/O operations a single wait 
state is automatically inserted. The reason for this is t hat du ring I/O operations, the time from when the 
lORQ signal goes active until the CPU must sample the WAIT line is very short and, without this extra state, 
sufficient time does not exist for an I/O port to decode its address and activate the WAIT line if a wait is 
required. Also, without this wait state , it is d ifficult to design MOS I/O devices that can operate at full CPU 
speed. During this wait state time, the WAIT request signal issampled. During a read I/O operation, the RD 
line is used to enab le the addressed port onto the data bus just as in the case of memory read. For I/O write 
operation, the WR line is used as a clock to the I/O port, again with sufficient overlap timing automatically 
provided so that the rising edge may be used as a data clock. 



Figure 4.0-3A illustrates how additional wait states may be added with the WAIT line. The operation is 
identical to that previously described. 



BUS REQUEST/ ACKNOWLEDGE CYCLE 



Figure 4.0-4 illustrates the timing for a Bus Request/ Acknowledge cycle. The BUSRQ s ignal is sampled by 
the CPU with the rising edge of the last clock period of any machine cycle. If the BDSRQ signal is active, the 
CPU will set its address, data and tri-state control signals to the high impedance state with the rising edge of 
the next clock pulse. At that time any external device can control the buses to transfer data between 
memory and I/O devices. (This is generally known as Direct Memory Access [DMA] using cycle stealing). 
The maximum time for the CPU to respond to a bus request is the length of a machine cycle and the external 
controller can maintain control of the bus for as many clock cycles as is desired. Note, however, that if very 
long DMA cycles are used, and dynamic memories are being used, the external controller must also 
perform the refresh function. This situation only occurs if very large blocks of data are transferre d und er 
DMA control. Also note that during a bus request cycle, the CPU cannot be interrupted by either an NMI or 
an INT signal. 
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INPUT OR OUTPUT CYCLES 
Figure 4.0-3 
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INPUT OR OUTPUT CYCLES WITH WAIT STATES 
Figure 4.0-3A 
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BUS REQUEST/ ACKNOWLEDGE CYCLE 
Figure 4.0-4 
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INTERRUPT REQUEST/ ACKNOWLEDGE CYCLE 

Figure 4.0-5 illustrates the timing associated with an interrupt cycle. The interrupt signal (INT) is sampled by 
the CPU with the rising edge of the last clock at the end of any instruction. The sig nal will n ot be accepted if 
the internal CPU software controlled interrupt enable flip-flop is not set or if the BUSRQ sig nal is a ctive. 
When the signal is accepted, a special Ml cycle is generated. During this special M1 cycle, the lORQ signal 
becomes active (Instead of the normal MREQ) to indicate that the interrupting device can place an 8-bit 
vector on the data bus. Notice that two wait states are automatically added to this cycle. These states are 
added so that a ripple priority interrupt scheme can be easily implennented. The two wait states allow 
sufficient time for the ripple signals to stabilize and identify which I/O device must insert the response 
vector. Refer to section 8.0 for details on how the interrupt response vector is utilized by the CPU. 



INTERRUPT REQUEST/ ACKNOWLEDGE CYCLE 
Figure 4.0-5 
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Figure 4.0-5A illustrates how additional wait states can be added to the interrupt response cycle. Again the 
operation is identical to that previously described. 

INTERRUPT REQUEST/ ACKNOWLEDGE WITH WAIT STATES 
Figure 4.0-5A 
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NON MASKABLE INTERRUPT RESPONSE 

Figure 4.0-6 illustrates the request/acknowledge cycle for the non-maskable interrupt. A pulse on the NMI 
input sets an internal NMI latch which is tested by the CPU at the end of every instruction. This NMI latch is 
sampled at the same time as the interrupt line, but this line has priority over the normal interrupt, and it 
cannot be disabled under software control. Its usual function is to provide immediate response to important 
signals such as an impending power failure. The CPU response to a non maskable interrupt is similar to a 
normal memory read operation, the only difference being that the content of the data bus is ignored while 
the processor automatically stores the PC in the external stack and jumps to location 0066^. The service 
routine for the non maskable interrupt must begin at this location if this interrupt is used. 

HALT EXIT 

Whenever a software halt instruction is executed, the CPU begins executing NOP's until an interrupt is 
received (either a non-maskable or a maskable interrupt while the interrupt flip flop is enabled). The two 
interrupt lines are sampled with the rising clock edge during each T4 state, as shown in Figure 4.0-7. If a 
non-maskable interrupt has been received or a maskable interrupt has been received and the interrupt 
enable flip-flop Is set, then the halt state will be exited on the next rising clock edge. The following cycle will 
then be an interrupt acknowledge cycle corresponding to the type of interrupt that was received. If both are 
received at this time, then the non maskable one will be acknowledged since it was highest priority. The 
purpose of executing NOP instructions while in the halt state is to keep the memory refresh signals active. 
Each cycle in the halt state is a normal M1 (fetch) cycle except that the data received from the memory is 
ignored and an NOP instruction is forced internally to the CPU. The halt acknowledge signal is active during 
this time to indicate that the processor is in the halt state. 
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NON MASKABLE INTERRUPT REQUEST OPERATION 
Figure 4.0-6 
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5.0 Z80-CPU INSTRUCTION SET 

The Z80-CPU can execute 158 different instruction types including all 78 of the 8080A CPU. The 
instructions can be broken down into the following major groups: 

• Load and Exchange 

• Block Transfer and Search 

• Arithmetic and Logical 

• Rotate and Shift 

• Bit Manipulation (set, reset, test) 

• Jump, Call and Return 

• Input/Output 

• Basic CPU Control 

5.1 INTRODUCTION TO INSTRUCTION TYPES 

The load Instructions move data internally between CPU registers or between CPU registers and 
external memory. All of these instructions must specify a source location, from which the data is to 
be moved, and a destination location. The source location is not altered by a load Instruction. 
Examples of load group instructions include moves between any of the general purpose registers, 
such as a move of the data to Register B from Register C. This group also includes load immediate to 
any CPU register or to any external memory location. Other types of load instructions allow transfer 
between CPU registers and memory locations. The exchange instructions can trade the contents of 
two registers. 

A unique set of block transfer instructions is provided in the Z80. With a single instruction a block of 
memory of any size can be moved to any other location in memory. This set of block moves is 
extremely valuable when large strings of data must be processed. The Z80 block search instructions 
are also valuable for this type of processing. With a single instruction, a block of external memory of 
any desired length can be searched for any 8-bit character. Once the character is found the 
instruction automatically terminates. Both the block transfer and the block search instructions can 
be interrupted during their execution so as not to occupy the CPU for long periods of time. 

The arithmetic and logical instructions operate on data stored in the accumulator and other general 
purpose CPU registers orexternal memory locations. The results of the operations are placed in the 
accumulator and the appropriate flags are set according to the result of the operation. An example of 
an arithmetic operation is adding the accumulator to the contents of an external memory location. 
The results of the addition are placed in the accumulator. This group also includes 1 6-bit addition 
and subtraction between 16-bit CPU registers. 

The bit manipulation instructions allow any bit in the accumulator, any general purpose register or 
any external memory location to be set, reset or tested with a single instruction. For example, the 
most significant bit of register H can be reset. This group is especially useful in control applications 
and for controlling software flags in general purpose programming. 

The jump, call and return instructions are used to transfer an address between various locations in 
the user's program. This group uses several different techniques for obtaining the new program 
counter address from specific external memory locations. A unique type of jump is the restart 
instruction. This instruction actually contains the new address as a part of the 8-bit OP code. This 
type of jump Is possible since only 8 separate addresses located in page zero of the external mernory 
may be specified. Program jumps may also be achieved by loading register HL, IX or lY directly into 
the PC, thus allowing the jump address to be a complex function of the routine being executed. 

The input/output group of Instructions in the Z80 allows for a wide range of transfers between 
external memory locations or the general purpose CPU registers, and the external I/O devices. In 
each case, the port number is provided on the lower 8 bits of the address bus during any I/O 
transaction. One instruction allows this port number to be specified by the second byte of the 
instruction, while other Z80 instructions allow it to be specified as the content of the C register. One 
major advantage of using the C register as a pointer to the I/O device is that it allows different I/O 



111-23 




ports to share common software driver routines. This capability is not possible when the address is 
part of the OP code if the routines are stored in ROM. Another feature of these input instructions is 
that they set the flag register automatically so that additional operations are not required to 
determine the state of the input data (for example Its parity). The Z80-CPU includes single 
instructions that can move blocks or data (up to 256 bytes) automatically to or from any I/O port 
directly to any memory location. In conjunction with the dual set of general purpose registers, these 
Instructions provide for fast I/O block transfer rates. The value of this I/O Instruction set is 
demonstrated by the fact that the Z80-CPU can provide all required floppy disk formatting (i.e., the 
CPU provides the preamble, address, and data, and enables the CRC codes) on double density floppy 
disk drives on an interrupt driven basis. 

Finally, the basic CPU control instructions allow various options and modes. This group includes 
instructions such as setting or resetting the interrupt enable flip flop or setting the mode of interrupt 
response. 

5.2 ADDRESSING MODES 

Most of the Z80 ihstructions operate on data stored in the internal CPU registers, the external 
memory, or In the I/O ports. Addressing refers to how the address of this data Is generated in each 
instruction. This section gives a brief summary of the types of addressing used in the 280 while 
subsequent sections detail the type of addressing available for each instruction group. 



Immediate, in this mode of addressing, the byte following the OP code in memory contains the 
actual operand. 



OP Code 



Operand 



I one or 2 bytes 



An example of this type of Instruction would be to load the HL register pair (1 6-blt register) with 1 6 
bits (2 bytes) of data. 

Immediate Extended. This mode isitierely an extension of immediate addressing, in that the two 
bytes following the op codes are the operand. 



OP Code 



Operand 



Operand 



one or 2 bytes 
low order 
high order 



An example of this type of instruction would be to load the HL register pair (1 6-bit register) with 1 6 
bits (2 bytes) of data. 



Modified Page Zero Addressing. The Z80 has a special single byte call instruction to any of 8 
locations in page zero of memory. This instruction (which is referred to as a restart) sets the PC to an 
effective address in page zero. The value of this instruction is that it allows a single byte to specify a 
complete 16-bit address where commonly called subroutines are located, thus saving memory 
space. 



OP Code 



one byte 
do Effective address is (00b5b4b3000) 
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Relative Addressing. Relative addressing uses one byte of data following the OP code to specify a 
displacement from the existing program to which a program jump can occur. This displacement is a 
signed two's complement number that is added to the address of the OP code of the following 
Instruction. 



OP Code 



Operand 



Jump relative (one byte OP code) 

8-bit two's complement displacement added to Address (A+2) 



The value of relative addressing is that it allows jumps to nearby locations while only requiring two 
bytes of memory space. For most programs, relative jumps are by far the most prevalent type of jump 
owing to the proximity of related program segments. Thus, these instructions can significantly 
reduce memory space requirements. The signed displacement can range between +1 27 and -1 28 
from A + 2. This allows for a total displacement of +1 29 to -1 26 from the jump relative OP code 
address. Another major advantage is that it allows for relocatable code. 

Extended Addressing. Extended Addressing provides for two bytes (16 bits) of address to be 
included in the instruction. This data can bean address to which a programcan jumper it can bean 
address where an operand is located. 




OP Code 



Low Order Address or Low order operand 



High Order Address or High order operand 



one or two bytes 



Extended addressing is required for a program to jump from any location in memory to any other 
location, or load and store data in any memory location. 

When extended addressing is used to specify the source or destination address of an operand, the 
notation (nn) will be used to indicate the content of memory at nn, where nn is the 1 6-bit address 
specified in the instruction. This means that the two bytes of address nn are used as a pointer to a 
memory location. The use of the parentheses always means that the value enclosed within them is 
used as a pointer to a memory location. For example, (1 200) refers to the contents of memory at 
location 1 200. 

indexed Addressing. In this type of addressing, the byte of data following the OP code contains a 
displacement which is added to one of the two index registers (the OP code specifies which index 
register is used) to form a pointer to memory. The contents of the index register are notaltered by this 
operation. 



OP Code 



OP Code 



two byte OP code 



Displacement Operand added to index register to form a pointer to memory. 



An example of an index Instruction would be to load the contents of the memory location (Index 
Register + Displacement) into the accumulator. The displacement is a signed two's complement 
number. Indexed addressing greatly simplifies programs using tables of data since the index register 
can point to the start of any table. Two index registers are provided since, very often, operations 
require two or more tables. Indexed addressing also allows for relocatable code. 

The two index registers in the Z80 are referred to as IX and lY. To indicate indexed addressing, the 
notation: 

(IX+d) or (lY+d) 
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is used. Here d is the displacement specified after the OP code. The parentheses indicate that this 
value is used as a pointer to external memory. 

Register Addressing. Many of the Z80 OP codes contain bits of information that specify which CPU 
register is to be usedforanoperation. An example of register addressing would be to load the data in 
register B into register C. 

Implied Addressing. Implied addressing refers to operations where the OP code automatically 
implies one or more CPU registers as containing the operands. An example is the set of arithmetic 
operations where the accumulator is always implied to be the destination of the results. 

Register Indirect Addressing. This type of addressing specifies a 1 6-bit CPU register pair (such as 
HL)to be used as a pointer to any location in memory. This type of instruction is very powerful and it 
is used in a wide range of applications. 



OP Code 



I one or two bytes 



An example of this type of instruction would be to load the accumulator with the data in the memory 
location pointed to by the HL register contents. Indexed addressing is actually a form of register 
indirect addressing except that a displacement is added with indexed addressing. Register indirect 
addressing allows for very powerful but simple to implement memory accesses. The block move and 
search commands in the Z80 are extensions of this type of addressing where automatic register 
incrementing, decrementing and comparing have been added. The notation for indicating register 
indirect addressing is to put parentheses around the name of the register that is to be used as the 
pointer. For example, the symbol 

(HL) 

specifies that the contents of the HL register are to be used as a pointer to a memory location. Often 
register indirect addressing is used to specify 1 6-bit operands. In this case, the register contents 
point to the lower order portion of the operand while the register contents are automatically 
incremented to obtain the upper portion of the operand. 

Bit Addressing. The Z80 contains a large number of bit set, reset and test instructions. These 
instructions allow any memory location or CPU register to be specified for a bit operation through 
one of three previous addressing modes (register, register indirect and indexed), while three bits in 
the OP code specify which of the eight bits is to be manipulated. 

ADDRESSING MODE COMBINATIONS 

Many instructions include more than one operand (such as arithmetic instructions or loads). In these 
cases, two types of addressing may be employed. For example, load can use immediate addressing 
to specify the source, and register indirect or indexed addressing to specify the source, and register 
indirect or indexed addressing to specify the destination. 

5.3 INSTRUCTION OP CODES 

This section describes each of the ZSO instructions and provides tables listing the OP codes for every 
instruction. In each of these tables, the shaded OP codes are identical to those offered in the 8080A 
CPU. Also shown is the assembly language mnemonic that is used for each instruction. All 
instruction OP codes are listed in hexadecimal notation. Single byte OP codes require two hex 
characters while double byte OP codes require four hex characters. The conversion from hex to 
binary is repeated here for convenience. 
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Hex Binary Decimal Hex Binary Decimal 






= 


CXX)0 = 





8 


= 


1000 = 


8 


1 


= 


0001 = 


1 


9 


= 


1001 = 


9 


2 


= 


0010 = 


2 


A 


= 


1010 = 


10 


3 


= 


0011 = 


3 


B 


= 


1011 = 


11 


4 


= 


0100 = 


4 


C 


= 


1100 = 


12 


5 


= 


0101 = 


5 


D 


= 


1101 = 


13 


6 


= 


0110 = 


6 


E 


= 


1110 = 


14 


7 


= 


0111 = 


7 


F 


= 


1111 = 


15 



Z80 instruction mnemonics consist of an OP code and zero, one or two operands. Instructions in 
which the operand is implied have no operand. Instructions which have only one logical operand or 
those in which one operand is invariant (such as the Logical OR instruction) are represented by a one 
operand mnemonic. Instructions which may have two varying operands are represented by two 
operand mnemonics. 

LOAD AND EXCHANGE 

Table 5.3-1 defines the OP code for all of the 8-bit load instructions implemented in the Z80-CPU. 
Also shown in this table is the type of addressing used for each instruction. The source of the data is 
found on the top horizontal row while the destination is specified by the left hand column. For 
example, load register C from register B uses the OP code 48H. In all of the tables the OP code is 
specified in hexadecimal notation and the 48H (=01 00 1 000 binary) code is fetched by the CPU from 
the external memory during Ml time, is decoded and then the register transfer is automatically 
performed by the CPU. 

The assembly language mnemonic for this entire group is LD, followed by the destination, followed 
by the source (LD DEST., SOURCE). Note that several combinations of addressing modes are 
possible. For example, the source may use register addressing and the destination may be register 
indirect, as in the case of loading the memory location pointed to by register HL with the contents of 
register D. The OP code for this operation would be 72. The mnemonic for this load instruction would 
be as follows: LD (HL), D 

The parentheses around the HL mean that the contents of HLare used as a pointer to a memory 
location. In all Z80 load Instruction mnemonics, the destination is always listed first, with the source 
following. The Z80 assembly language has been defined for ease of programming. Every instruction 
Is self documenting and programs written in Z80 language are easy to maintain. 

Note in Table 5.3-1 that some load OP codes that are available in the Z80 use two bytes. This is an 
efficient method of memory utilization, since 8, 1 6, 24 or 32 bit instructions are implemented in the 
Z80. Thus often utilized instructions such as arithmetic or logical operations are only 8-bits which 
result in better memory utilization than is achieved with fixed instruction sizes such as 1 6-bits. 

All load instructions using indexed addressing for either the source or destination location actually 
use three bytes of memory with the third byte being the displacement d. For example, a load register 
E, with the operand pointed to by IX with an offset of +8, would be written: LD E, (IX + 8). 

The instruction sequence for this in memory would be: 

Address A 




A+1 
A+2 



DD 



5F 



08 



OP Code 



Displacement operand 
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The two extended addressiiig instructions are also three byte instructions. For example the 
instruction to load the accumulator with the operand in memory location 6F32H would be written 
as: 







LD A, (6F 32H) 


and its instruction sequence would be: 


Address A 


3A 


OP Code 


A+1 


32 


low order address 


A+2 


6F 


high order address 



Notice that the low order portion of the address is always the first operand. 

The load immediate instructions for the general purpose 8-bit registers are two-byte Instructions. 
The instruction load register H with the value 36H would be written as: 

LDH,36H 

and its sequence would be: 

Address A 

A+1 



26 



36 



OP Code 
Operand 



Loading a memory location using indexed addressing for the destination and immediate addressing 
for the source requires four bytes. For example, 







LD(IX-15), 21H 


would appear as: 






Address A 
A+1 


DD 
36 


OP Code 


A+2 
A+3 


F1 
21 


displacement (-1 5 in 
signed two's complement) 
operand to load 



Notice that with any indexed addressing the displacement always follows directly after the OP code. 

Table 5.3-2 specifies the 1 6-bit load operations. This table is very similar to Table 5.3-1 . Notice that 
the extended addressing capability covers all register pairs. Also notice that register indirect 
operations specifying the stack pointer are the PUSH and POP Instructions. The mnemonics for 
these instructions are "PUSH" and "POP". These instructions differ from other 1 6-blt loads in that 
the stack pointer is automatically decremented and incremented as each byte is pushed onto or 
popped from the stack respectively. For example, the Instruction 

PUSH AF 

is a single byte instruction with the OP code of F5H. When this instruction is executed the following 
sequence is generated: 
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Decrement SP 

LD(SP),A 

Decrement SP 

LD (SP), F 
Thus the external stack now appears as follows: 
(SP) I F I Top of stack 

(SP+1) 




8 BIT LOAD GROUP 
Table 5.3-1 



DESTINATION 





IMPLIED 


REGISTE 


R 


REG INDIR 


ECT 


INDEXED 


EXT. 
ADDR. 


IMME. 




1 


R 


A 


B 


C 


D 


E 


H 


L 


(HL) 


(BC) 


(DE) 


(IX + d) 


(lY + d) 


(nn) 


n 


REGISTER 


A 


ED 
57 


ED 
5F 


[x^^ 


/% - 


79 


tA,^ 


;V?J.^ 


i9:4'[ 


7D 


7e 


,aA 


1A 


DD 
7E 
d 


FD 
7E 
d 






B 






-*i 


:* - 


^-i 


]'4i ■ 


V4^:; 


' 44 


45 


46 






DD 
46 
d 


FD 
46 
d 




■'\'m' 
■> '- 


C 






■■W' 


''^M' 


49 




'. .'...Sji',-r 


■~'#0 


4D 


4E 






DD 
4E 
d 


FD 
4E 
d 




~0i 


D 






::'iT' 


:<^Q\ 


&1 


'W^i 


''^: 


■ ^'' 


sa 


56 






DD 
56 
d 


FD 
56 
d 






E 






''si=^. 


■■■m- 


59 


■M : 


M&r 


■V^C'. 


5D 


5^ 






DD 
5E 
d 


FD 
5E 
d 






H 






: «?' 


'■'m: 


61 


m\ 


'''^^. 


B4 


m 


66 






DD 
66 
d 


FD 
66 
d 




26 
n 


L 






aF,- 


.^- 


69 


4a 


m 


m 


6D 


6E 






DD 
6E 
d 


FD 
6E 
d 




2E 
n 


REG 
INDIRECT 


(HL) 






'n 


■-70 


71 


y^72' 


.73^ 


^^-^74 ^ 


76 














36 
n 


(BO 






:m\ 




























(DE) 






,:%z" 




























INDEXED 


(IX+d) 






DD 
77 
d 


DD 
70 
d 


DD 
71 
d 


DD 
72 
d 


DD 
73 
d 


DD 
74 
d 


DD 
75 
d 














DD 
36 

d 
n 


(lY-ttI) 






FD 
77 
d 


FD 
70 
d 


FD 
71 
d 


FD 
72 
d 


FD 
73 
d 


FD 
74 
d 


FD 
75 
d 














FD 
36 

d 
n 


EXT. ADDR 


(nn) 






'r 




























IMPLIED 


' 






ED 
47 




























R 






ED 
4F 
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The POP instruction is the exact reverse of a PUSH. Notice that all PUSH and POP instructions utilize 
a 1 6-bit operand and the high order byte is always pushed first and popped last. 
That is: 

PUSH BC is PUSH B then C 
PUSH DE is PUSH D then E 
PUSH HL is PUSH H then L 
POP HL is POP L then H 

The instruction using extended innmediate addressing for the source obviously requires 2 bytes of 
data following the OP code. For example: 



will be: 



5SA 


11 


A+1 


59 


A+2 


06 



LD DE, 0659H 

OP Code 

Low order operand to register E 

High order operand to register D 

In all extended immediate or extended addressing modes, the low order byte always appears first 
after the OP code. 

Table 5.3-3 lists the 1 6-bit exchange instructions implemented in the Z80. OP code 08H allows the 
programmer to switch between the two pairs of accumulator flag registers while D9H allows the 
programmer to switch between the duplicate set or six general purpose registers. These OP codes 
are only one byte in length to minimize the time necessary to perform the exchange absolutely, so 
that the duplicate banks can be used to effect very fast interrupt response times. 

BLOCK TRANSFER AND SEARCH 

Table 5.3-4 lists the extremely powerful block transfer instructions. All of these instructions operate 
with three registers: 

HL points to the source location 
DE points to the destination location. 
BC is a byte counter. 

After the programmer has initialized these three registers, any of these four instructions may be 
used. The LDI (Load and Increment) instruction moves one byte from the location pointed to by HL to 
the location pointed to by DE. Register pairs HL and DEare then automatically incremented and are 
ready to point to the following locations. The byte counter (register pair BC) is also decremented at 
this time. This instruction is valuable when blocks of data must be moved, but other types of 
processing are required between each move. The LDIR (load, increment and repeat) instruction is an 
extension of the LDI instruction. The same load and increment operation is repeated until the byte 
counter reaches the count of zero. Thus, this single instruction can move any block of data from one 
location to any other. 

Note that since 1 6-bit registers are used, the size of the block can be up to 64K bytes (1 K = 1024) 
long, and it can be moved from any location in memoryto any other location. Furthermore the blocks 
can be overlapping since there are absolutely no constraints on the data that is used in the three 
register pair. 

The LDD and LDDR instructions are very similar to the LDI and LDIR. The only difference is that 
register pairs HL and DE are decremented after every move so that a block transfer starts from the 
highest address of the designated block rather than the lowest. 
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BIT LOAD GROUP 'LD' 'PUSH' and 'POP' 
Table 5.3.-2 



DESTINATION 



PUSH 
INSTRUCTIONS" 















IMM. 


EXT. 


REG. 








REGISTER 






EXT. 


ADDR. 


INDIR. 




AF 


BC 


DE 


"L 


SP 


IX 


lY 


nn 


(nn) 


(SP) 




AF 




















[fr 


















01 


!P 






BC 
















1^ 
n 


4B 


-CI-' 


R 


OE 
















11 


ED 
58 


m 


E 


















n 






G 
























1 
S 

T 


HL 
















f 


n 


m 


E 

R 
























SP 












DD 


FD 


31 


ED 
78 
















F9 


F9 


: l> 


n 
























n 




















DD 


DD 






IX 
















21 

n 
n 


2A 

n 
n 


DD 
E1 


















FD 


FD 






lY 
















21 

n 
n 


2 A 

n 

n 


FD 
El 








ED 


ED 


u 


ED 


DD 


FD 








EXT. 


(nn) 




43 


53 


73 


22 


22 








ADDR. 






n 


n 


n 


n 


n 


n 














n 


n 




n 


n 


n 








REG. 
IND. 


(SP) 


m 


C6 


05 

- 


■^' 




DD 
E5 


FD 
E5 










NOTE: The Push & Pop Instructions adjust 
the SP after every execution 



POP 
INSTRUCTIONS 



CHANGES 'EX' and 'EXX' 
Table 5.3-3 





IMPLIED ADDRESSING | 




af' 


BC', De' & Hl' 


HL 


IX 


lY 


IMPLIED 


AF 


08 










BC, 
DE 
& 
HL 




D9 








DE 






€S 






REG. 
INDIR. 


(SP) 






€3 


DD 
E3 


FD 
E3 
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BLOCK TRANSFER GROUP 
Table 5.3-4 



DESTINATION 





R6a 






'^^k 




REG. 
INDIR. 


(DE) 


ED 
AO 


'LDI'-Load(DE)-« — (HL) 
Inc HL & DE, Dec BC 




•LDIR; - Load (DE)-* — (HL) 

Inc HL & DE, Dec BC, Repeat until BC = 




'LDD' - Load (DE)-« — (HL) 
DecHL&DE, DecBC 


ED 
B8 


'LDDR' - Load (DE)^ — (HL) 

Dec HL & DE, Dec EC, Repeat until BC = 



Reg HL points to source 
Reg DE points to destination 
Reg BC is byte counter 



Table 5.3-5 specifies the OP codes for the four block search instructions. The first, CPI (compare and 
increment) compares the data intheaccumulator, with the contents of the memory location pointed 
to by register HL The result of the compare instruction is stored in one of the flag bits (see section 6.0 
for a detailed explanation of the flag operations) and the HL register pair is then incremented and the 
byte counter (register pair BC) is decremented. 

The instruction CPIR is merely an extension of the CPI instruction in which the compare is repeated 
until either a match is found or the byte counter (register pair BC) becomes zero. Thus, this single 
instruction can search the entire memory for any 8-bit character. 

The CPD (Compare and Decrement) and CPDR (Compare, Decrement and Repeat) are similar 
instructions, their only difference being that they decrement HL after every compare instruction so 
that they search the memory in the opposite direction. (The search is started at the highest location 
in the memory block). 

It should be emphasized again that these block transfer and compare instructions are extremely 
powerful in string manipulation applications. 

ARITHMETIC AND LOGICAL 

Table 5.3-6 lists all of the 8-bit arithmetic operations that can be performed with the accumulator; 
also listed are the increment (INC) and decrement (DEC) instructions. In all of these instructions, 
except INC and DEC, the specified 8-bit operation is performed between the data in the accumulator 
and the source data specif ied in the table. The result of the operation is placed in the accumulator 
with the exception of compare (CFf) that leaves the accumulator unaffected. All of these operations 
affect the flag register as a result of the specified operation. (Section 6.0 provides all of the details on 
how the flags are affected by any instruction type). INC and DEC instructions specify a register or a 
memory location as both source and destination of the result. When the source operand is 
addressed using the index registers, the displacement must follow directly. With immediate 
addressing the actual operand will follow directly. For example, the instruction 

AND07H 



would appear as: 






Address A 


E6 


OP Code 


A+1 


07 


Operand 
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BLOCK SEARCH GROUP 
Table 5.3-5 



SEARCH 
LOCATION 



REG. 
INDIR. 




(HU 




ED 
A1 


•CPI' 

Inc HL, Dec BC 


ED 
B1 


CPIR', Inc HL, D«c BC 
repeat until BC « or find match 


ED 
A9 


'CPD'DecHL&BC 


ED 
B9 


CPDR' Dec HL & BC 

Repeat until BC = or find match 



HL points to location in memory 
to be compared with accumulator 
contents 

BC is byte counter 




Assuming that the accumulator contained the value F3H, the result of 03H would be placed in the 
accumulator: 



Acc before operation 

Operand 

Result to Acc 



1111 0011 =f=3H 
0000 01 1 1 = 07H 
0000 001 1 = 03H 



The Add instruction (ADD) performs a binary add between the data in the source location and the 
data in the accumulator. The subtract (SUB) does a binary subtraction. When the add with carry is 
specified (ADC) or the subtract with carry (SBC), then the carry flag is also added or subtracted 
respectively. The flags and decimal adjust instruction (DAA) in the Z80 (fully described in section 6.0) 
allow arithmetic operations for: 

multiprecision packed BCD numbers 

multiprecision signed or unsigned binary numbers 

multiprecision two's complement signed numbers 

Other instructions in this group are: logical and (AND); logical or (OR); exclusive or (XOR), and 
compare (CP). 

There are five general purpose arithmetic instructions that operate on the accumulator or carry flag. 
These five are listed in Table 5.3-7. The decimal adjust instruction can adjust for subtraction as well 
as addition, thus making BCD arithmetic operations simple. Note that to allowfor this operation, the 
flag N is used. This flag is set if the last arithmetic operation was a subtract. The negate accumulator 
(NEG) instruction forms the two's complement of the number in the accumulator. Finally, notice that 
a reset carry instruction is not included in the Z80 since this operation can be easily achieved 
through other instructions such as a logical AND of the accumulator with itself. 

Table 5.3-8 lists all of the 16-bit arithmetic operations between 16-bit registers. There are five 
groups of instructions, including add with carry and subtract with carry. ADC and SBC affect all of 
the flags. These two groups simplify address calculation operations or other 16-bit arithmetic 
operations. 
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8 BIT ARITHMETIC AND LOGIC 
Table 5.3-6 





REGISTER ADDRESSING 


REG. 
INDIR. 


INDEXED 


IMMED. 




A 


B 


c 


D 


E 


H 


L 


(HU 


(IX+d) 


(lY+d) 


n 


'ADD' 


B7 


SO 


81 


m 


83 


84 


m 


86 


DO 
86 
d 


FD 
86 
d 


C6 

n 


ADD w CARRY 
'ADC 


ar 


0a 


m 


BA 


Bn 


8C 


m 


m 


DO 
8E 
d 


FD 
8E 
d 


CE 
n 


SUBTRACT 
'SUB' 


m 


m 


m 


m 


03 


94 


m 


m 


DO 
96 
d 


FD 
96 
d 


D6 
n 


SUB w CARRY 
'SBC 


m 


m 


m 


0A 


9S 


9C 


m 


m 


DD 
9E 
d 


FD 
9E 
d 


n 


'AND' 


A7 


AO 


A1 


A2 


A3 


A4 


AS 


A6 


DD 
A6 
d 


FD 
A6 
d 


E6 

n 


'XOR' 


~AF 


AS 


A0 


AA 


AS 


AC 


AB 


^ Al 


DD 
AE 
d 


FD 
AE 
d 


EE 
n 


'OR' 


; »r 


m 


El 


~82 


m 


B4 


m 


m 


DD 
B6 
d 


FD 
B6 
d 


F6 

n 


COMPARE 
'CP' 


BP 


m 


m 


8A 


SB 


BC 


BE> 


Si 


DD 
BE 
d 


FD 
BE 
d 


n 


INCREMENT 
'INC 




m 


oc 


14 


10 


24 


2C 


34 


DD 
34 
d 


FD 
34 
d 




DECREMENT 
'DEC 


» 


m 


m. 


16 


1U 


25 


20 


36 


DD 
35 
d 


FD 
35 
d 





GENERAL PURPOSE AF OPERATIONS 
Table 5.3-7 



Decimal Adjust Ace, 'DAA' 


27 


Complement Ace, 'CPL' 


2F 


Negate Ace, 'NEG' 
(2's complement) 


ED 
44 


Complement Carry Flag, 'CCF' 


3F 


Set Carry Flag, 'SCF' 


37 
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16 BIT ARITHMETIC 
Table 5.3-8 



DESTINATION 







BC 


DE 


HL 


SP 


IX 


lY 


'ADD' 


HL 


rt#l! 


19 


20 


39 






IX 


DO 
09 


DD 
19 




DD 
39 


DD 
29 




lY 


FD 
09 


FD 
19 




FD 
39 




FD 
29 


ADD WITH CARRY AND 
SET FLAGS 'ADC 


HL 


ED 
4A 


ED 
5A 


ED 
6A 


ED 
7A 






SUB WITH CARRY AND 
SET FLAGS 'SBC 


HL 


ED 
42 


ED 
52 


ED 
62 


ED 
72 






INCREMENT 'INC. 


/i^K- 


W^ 




DD 
23 


FD 
23 


DECREMENT 'DEC 


'-^^^ 


'^^': 


?^^: 


38 


DD 
2B 


FD 
2B 




ROTATE AND SHIFT 

A major capability of the Z80 is its ability to rotate or shift data in the accumulator, any general 
purpose register, or any memory location. All of the rotate and shift OP codes are shown in Table 
5.3-9. Also Included in the Z80 are arithmetic and logical shift operations. These operations are 
useful in an extremely wide range of applications including integer multiplication and division. Two 
BCD digit rotate instructions (RRD and RLD) allow a digit in the accumulator to be rotated with the 
two digits in a memory location pointed to by register pair HL. (See Figure 5.3-9). These instructions 
allow for efficient BCD arithmetic. 

BIT MANIPULATION 

The ability to set, reset, and test Individual bits in a register or memory location is needed in almost 
every program. These bits may be flags in a general purpose software routine, maybe indications of 
external control conditions, or may be data packed into memory locations to make memory 
utilization more efficient. 

The Z80 has the ability to set, reset, or test any bit in the accumulator, any general purpose register 
or any memory location with a single instruction. Table 5.3-10 lists the 240 instructions that are 
available for this purpose. Register addressing can specify the accumulator or any general purpose 
register on which the operation is to be performed. Register indirect and indexed addressing are 
available to operate on external memory locations. Bit test operations set the zero flag (Z) if the tested 
bit is a zero. (Refer to section 6.0 for further explanation of flag operation). 

JUMP, CALL, AND RETURN 

Figure 5.3-11 listsallofthejump, call and return instructions implemented in the Z80 CPU. A jump 
is a branch in a program where the program counter is loaded with the 1 6-blt value as specified by 
one of the three available addressing modes (Immediate Extended, Relative, or Register Indirect). 
Notice that the jump group has several different conditions that can be specified to be met before the 
jump will be made. If these conditions are not met, the program merely continues with the next 
sequential instruction. The conditions are all dependent on the data in the flag register. (Refer to 
section 6.0 for details on the flag register). The immediate extended addressing is used to jump to 
any location in the memory. This instruction requires three bytes (two to specify the 1 6-bit address) 
with the low order address byte first followed by the high order address byte. 
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ROTATES AND SHIFTS 
Table 5.3-9 













Source and Destination 










A 


c 


C 


D 


E 


H 


^ 


(HL) 


(IX +d) 


(lY+d) 




RLC- 


CB 
07 


CB 
00 


CB 
01 


CB 
02 


CB 
03 


CB 
04 


CB 
05 


CB 
06 


OD 
CB 


FO 
CB 
d 
06 




'RRC 


CB 
OF 


CB 
08 


CB 
09 


CB 
OA 


CB 
OB 


CB 
OC 


CB 
OD 


CB 
OE 


DO 
CB 

^E 


FD 
CB 

^OE 




•RL' 


CB 
17 


CB 
10 


CB 


CB 
12 


CB 
13 


CB 
14 


CB 
15 


CB 
16 


DO 
CB 

1e 


FD 
CB 

d 
16 


TYPE 

OF 

ROTATE 

OR 

SHIFT 


'RR' 


?l 


CB 
18 


19 


CB 

1A 


CB 

IB 


CB 

1C 


CB 

ID 


CB 

IE 


DD 
CB 

?E 


FD 
CB 


'SLA' 


CB 

27 


CB 
20 


CB 
21 


CB 
22 


CB 
23 


CB 

24 


CB 
25 


CB 
26 


DO 
CB 
d 
26 


FD 
CB 
d 
26 




•SRA' 


CB 
2F 


CB 
28 


CB 
29 


CB 
2A 


CB 
2B 


CB 
2C 


CB 
20 


CB 
2E 


d 
2E 


FD 
CB 

^E 




'SRL' 


s 


CB 
38 


CB 
39 


CB 
3A 


CB 
3B 


CB 
3C 


CB 
3P 


CB 
3E 


OD 
CB 

^E 


i 




'RLD' 
















ED 
6F 








RRD' 
















ED 
67 









A 


RLC A 


■M'- 


RRCA 


A' 


RLA 


:.w 


BRA 


:^' 






0-C 



>. 



^ ^7=^ 
Cg^ 



P 



AGO \_ 



[b-b,[>.3-b„| ,HL, — 



ACC 1_ 



For example an unconditional Jump to memory location 3E32H would be: 
Address A | C3 | OP Code 

Low order address 



A+1 



A+2 



32 



3E 



High order address 



The relative jump instruction uses only two bytes; the second byte is a signed two's complement 
displacement from the existing PC. This displacement can be in the range of +129 to -126 and is 
measured from the address of the instruction OP code. 

Three types of register indirect jumps are also included. These instructions are implemented by 
loading the register pair HL or one of the index registers IX or lY directly into the PC. This capability 
allows for program jumps to be a function of previous calculations. 

A call is a special form of a jump where the address of the byte following the call instruction is 
pushed onto the stack before the jump is made. A return instruction is the reverse of a call because 
the data on the top of the stack is popped directly into the PC to form a jump address. The call and 
return instructions allow for simple subroutine and Interrupt handling. Two special return 
instructions have been included in the Z80 family of components. The return from interrupt 
instruction (RETI) and the return from non-maskable interrupt (RETN) are treated in the CPU as an 
unconditional return identical to the OP code C9H. The difference is that (RETI) can be used at the 
end of an interrupt routine and all Z80 peripheral chips will recognize the execution of this 
instruction for proper control of nested priority interrupt handling. This instruction coupled with the 
Z80 peripheral devices' implementation simplifies the normal return from nested interrupt. Without 
this feature, the following software sequence would be necessary to inform the interrupting device 
that the interrupt routine has been completed: 
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BIT MANIPULATION GROUP 
Table 5.3-10 





REGISTER ADDRESSING 


REG. 
INOIR. 


INDEXED 


BIT 


A 


B 


C 


D 


E 


H 


L 


(HL) 


(IX+d) 


(lY+d) 


TEST 
'BIT' 





CB 
47 


CB 
40 


CB 
41 


CB 
42 


CB 
43 


CB 
44 


CB 
45 


CB 
46 


00 
CB 
d 
46 


d 
46 




CB 

4F 


CB 
48 


CB 
49 


CB 
4A 


CB 
4B 


CB 
4C 


CB 
40 


CB 
4E 


d 
4E 


d 
4E 




CB 
57 


CB 
50 


CB 
51 


CB 
52 


CB 
53 


CB 
54 


CB 
55 


CB 
56 


8b° 

d 
56 


Eg 

d 
56 




CB 
5F 


CB 
58 


CB 
59 


CB 
5A 


CB 
58 


CB 
5C 


CB 

50 


CB 
5E 


DO 
CB 


FD 
CB 

d 
5E 




CB 
67 


CB 
60 


CB 
61 


CB 
62 


CB 
63 


CB 
64 


CB 
65 


CB 
66 


8? 

d 
66 


FD 
CB 




CB 
6F 


CB 
68 


CB 
69 


CB 
6A 


CB 
6B 


CB 
6C 


CB 
60 


CB 
6E 


DO 
CB 
d 
6E 


FO 
CB 

is 




CB 
77 


CB 
70 


CB 
71 


CB 
72 


CB 
73 


CB 
74 


GB 
75 


CB 
76 


DO 
CB 
d 
/6 


Eg 

?6 




CB 
7F 


CB 
78 


CB 
79 


CB 
7A 


CB 
7B 


CB 
7C 


CB 
70 


CB 
7E 


DO 
CB 
d 
7E 


FD 
CB 


RESET 

BIT 

'RES- 




CB 
87 


CB 
80 


CB 
81 


CB 
82 


CB 
83 


CB 
84 


CB 
85 


CB 
86 


8? 


FO 
CB 




CB 
8F 


CB 
88 


CB 
89 


CB 
8A 


CB 
8B 


CB 
8C 


CB 
80 


CB 
8E 


8? 

d 
8E 


FD 
CB 




CB 
97 


CB 
90 


CB 
91 


CB 
92 


CB 
93 


CB 
94 


CB 
95 


CB 
96 


DO 
CB 


FD 
CB 
d 
96 




CB 
9F 


CB 
98 


CB 
99 


CB 
9A 


CB 
9B 


CB 
9C 


CB 
90 


CB 
9E 


8F 

d 
9E 


FD 
CB 

Ie 




CB 
A7 


CB 
AO 


CB 
A1 


CB 
A2 


CB 
A3 


CB 
A4 


CB 
A5 


CB 
A6 


d 
A6 


FD 
CB 
d 
A6 




CB 
AF 


■ CB 
AS 


CB 
A9 


CB 
AA 


CB 
AB 


CB 
AC 


CB 
AD 


CB 
AE 


DO 
CB 

1e 


FD 
CB 
d 
AE 




CB 
B7 


CB 
BO 


CB 
B1 


CB 
B2 


CB 
B3 


CB 
B4 


CB 
B5 


CB 
B6 


8f 

d 
B6 


E8 

d 
B6 




CB 
BF 


CB 
B8 


CB 
B9 


CB 
BA 


CB 
BB 


CB 
BC 


CB 
BO 


CB 
BE 


8? 

d 
BE 


Eg 

d 
BE 


SET 
BIT 
'SET' 




CB 
C7 


CB 
CO 


CB 
CI 


CB 
C2 


CB 
C3 


CB 
C4 


CB 
C5 


CB 
C6 


8? 

d 
C6 


FD 
CB 

^6 




CB 
CF 


CB 
C8 


CB 
C9 


CB 
CA 


CB 
CB 


CB 
CC 


CB 
CO 


CB 
CE 


DO 
CB 

^E 


FD 
CB 

Se 




CB 
D7 


CB 
DO 


CB 
D1 


CB 
D2 


CB 
03 


CB 
04 


CB 
05 


CB 
06 


00 
CB 
d 
06 


Eg 

d 
D6 




CB 
DF 


CB 
08 


CB 
D9 


CB 
DA 


CB 
DB 


CB 
DC 


CB 
DO 


CB 
DE 


8? 


FD 
CB 




CB 
E7 


CB 
EO 


CB 
El 


CB 
E2 


CB 
E3 


CB 
E4 


CB 
E5 


CB 
E6 


d 
E6 


FD 
CB 




CB 
EF 


CB 
E8 


CB 
E9 


CB 
EA 


CB 
EB 


CB 
EC 


CB 
EO 


CB 
EE 


f. 


Eg 
Se 




CB 
F7 


CB 
FO 


CB 
F1 


CB 
F2 


CB 

F3 


CB 

F4 


CB 
F5 


CB 
F6 


8? 

d 
F6 


Eg 




CB 
FF 


CB 
F8 


CB 
F9 


CB 
FA 


CB 
FB 


CB 
FC 


CB 
FO 


CB 
FE 


00 
CB 


FD 
CB 

^FE 
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Disable Interrupt 



- prevent interrupt before 
routine is exited. 



LD A,n 
OUT n, A 

Enable Interrupt 

Return 



- notify peripheral that service 
routine is complete 



This seven byte sequence can be replaced with the three byte El RETI instruction sequence in the 
Z80. This is important since interrupt service time often must be minimized. 

To facilitate program loop control, the instruction DJNZ e can be used advantageously. This two byte, 
relative jump instruction decrements the B register, and the jump occurs if the B register has not 
been decremented to zero. The relative displacement is expressed as a signed two's complement 
number. A simple example of its use might be: 



Address 
N,N+1 
N+2 to N+9 

N+10, N+11 
N + 12 



Instruction 

LDB,7 

(Perform a sequence 

of instructions) 

DJNZ -10 

(Next Instruction) 



Comments 

; set B register to count of 7 

; loop to be performed 7 times 
; to jump from N + 1 2 to N + 2 



JUMP, CALL AND RETURN GROUP 
Table 5.3-11 









UN- 
COND. 


CARRY 


NON 
CARRY 


ZERO 


NON 
ZERO 


PARITY 
EVEN 


PARITY 
ODD 


SIGN 
NEG 


SIGN 
POS 


REG 
B9t0 


JUMP 'JP' 


IMMED. 
EXT. 


nn 


03 
n 


DA 

n 
n 


D2 

n 

n 


CA 
n 

^ ■ 


m 

n 

,11 


lA 

II 

ti 


n 


FA 
n 


¥2 : 
n , 




JUMP 'JR' 


RELATIVE 


PC+e 


18 
e-2 


38 
e-2 


30 
e-2 


28 
e-2 


20 
e-2 












JUMP 'JP' 


REG. 
INDIR. 


(HL) 


'm 




















JUMP 'JP' 


(IX) 


DD 
E9 




















JUMP 'JP' 


(lY) 


FD 
E9 






, 














'CALL' 


IMMED. 
EXT. 


nn 


n 
ft 




04 
n 


CC 

n 


C4 

n 
n 


EC 

ri 
n 


E4 

n 
n 


m 

n 


F4 
n 

n 




DECREMENT B, 
JUMP IF NON 
ZERO 'DJNZ' 


RELATIVE 


PC+e 




















10 
e-2 


RETURN 
'RET' 


REGISTER 
INDIR. 


(SP) 
(SP+I) 


GB 


PS 


00 


C8 


CO 


E8 


EO 


m 


FO 




RETURN FROM 
INT 'RETI' 


REG. 
INDIR. 


(SP) 
(SP+1) 


ED 
4D 




















RETURN FROM 
NON MASKABLE 
INT'RETN' 


REG. 
INDIR. 


(SP) 
(SP+1) 


ED 
45 





















NOTE-CERTAIN 
FLAGS HAVE MORE 
THAN ONE PURPOSE. 
REFER TO SECTION 
6.0 FOR DETAILS 
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Table 5.3-1 2 lists the eight OP codes for the restart instruction. This instruction is a single byte call to 
any of the eight addresses listed. The simple mnemonic for these eight calls is also shown. The value 
of this instruction is that frequently used routines can be called with this instruction to minimize 
memory usage. 



RESTART GROUP 
Table 5.3-12 







OP 
CODE 


c 

A 
L 

L 

A 
D 
D 
R 
E 
S 
S 


0000„ 


"'i?:" 


0008„ 


'np' 


0010„ 


m 


0018^^ 


m 


0020„ 


m ' ^ 


0028„ 


if ■' 


0030„ 


f^7,. 


0038„ 


n 




INPUT/OUTPUT 

The Z80 has an extensive set of Input and Output instructions, as shown in table 5.3-1 3 and table 
5.3-1 4. The addressing of the input or output device can be either absolute or register indirect, using 
the C register. Notice that in the register indirect addressing mode, data can be transferred between 
the I/O devices and any of the internal registers. In addition eight block transfer instructions have 
been implemented. These instructions are similar to the memory block transfers except that they 
use register pair HL for a pointer to the memory source (output commands) or destination (input 
commands), while register B is used as a byte counter. Register C holds the address of the port for 
which the input or output command is desired. Since register B is eight bits in length, the I/O block 
transfer command handles up to 256 bytes. 

In the instructions IN A, n and OUT n. A, an I/O device address n appears in the lower half of the 
address bus (AQ-Ay) while the accumulator content is transferred in the upper half of the address 
bus. In ail register indirect input output instructions, including block I/O transfers, the content of 
register C is transferred to the lower half of the address bus (device address) while the content of 
register B is transferred to the upper half of the address bus. 



111-39 



INPUT GROUP 
Table 5.3-1 3 



PORT ADDRESS 



INPUT 
DESTINATION 





IMMED. 


REG. 
INDIR. 




n 


(C) 


INPUT 'IN' 


R 
E 
G 

A 
D 
D 
R 
E 
S 
S 
1 

N 
G 


A 




ED 
78 


B 




ED 
40 


C 




ED 
48 


D 




ED 
50 


E 




ED 
58 


H 




ED 
60 


L 




ED 
68 


'INI' -INPUTS. 
Inc HL, Dec B 


REG, 
INDIR 


(HL) 




ED 
A2 


'INIR'-INP, IncHL, 
Dec B, REPEAT IF B9^ 




ED 
82 


'IND'- INPUT & 
DecHL.DecB 




AA 


'INDR'- INPUT, Dec HL, 
Dec B, REPEAT IF B=?^ 




ED 
BA 



V BLOCK INPUT 
f COMMANDS 



CPU CONTROL GROUP 

The final table, table 5,3-1 5, illustrates the six general purpose CPU control instructions. The NOP is 
a do-nothing instruction. The HALT instruction suspends CPU operation until a subsequent 
interrupt is received, while the Dl and El are used to lock out and enable interrupts. The three 
interrupt mode commands set the CPU into any of the three available interrupt response modes as 
follows. If mode zero is set, the interrupting device can insert any instruction on the data bus and 
allow the CPU to execute it. Mode 1 is a sirnplified mode where the CPU automatically executes a 
restart (RST) to location CX)38H so that no external hardware is required. (The old PC content is 
pushed onto the stack). Mode 2 is the most powerful in that it allows for an indirect call to any 
location in memory. With this mode, the CPU forms a 1 6-bit memory address where the upper 8-bits 
are the content of mode, the CPU forms a 1 6-bit memory address where the upper 8-bits are the 
content of register I, and the lower 8-bits are supplied by the interrupting device. This address points 
to the first of two sequential bytes in a table where the address of the service routine is located. The 
CPU automatically obtains the starting address and performs a CALL to this address. 



Address of interrupt 
service routine 



Pointer to Interrupt table. Reg. 

I is upper address, 

Peripheral supplies lower address 
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OUTPUT GROUP 
Table 5.3-14 









REGISTER 


REG. 
IND. 




A 


B 


C 


D 


E 


H 


L 


(HL) 


'OUT' 


IMMED. 


n 


^'^^^? 
















REG. 
IND. 


(C) 


ED 
79 


ED 
41 


ED 
49 


ED 
51 


ED 
59 


ED 
61 


ED 
69 




'OUTI'- OUTPUT 
Inc HL, Dec b 


REG. 
IND. 


(C) 
















ED 
A3 


'OTIR' - OUTPUT, IncHL, 
Dec B, REPEAT IF B=?^ 


REG. 
IND. 


(C) 
















ED 
83 


'OUTD' - OUTPUT 
DecHL&B 


REG. 
IND. 


(C) 
















ED 
AS 


•OTDR'- OUTPUT, Dec HL 
& B, REPEAT IF B=^ 


REG. 
IND. 


(C) 
















ED 
BB 



PORT 

DESTINATION 

ADDRESS 



MISCELLANEOUS CPU CONTROL 
Table 5.3-15 




BLOCK 
> OUTPUT 
COMMANDS 



'NOP' 


l^^^ 


'HALT' 


^'?lf;^ 


DISABLE INT '(Dl)' 




ENABLE INT '(El)' 




SET INT MODE 
'IMO' 


ED 
46 


SET INT MODE 1 
'IM1' 


ED 
56 


SET INT MODE 2 
'IM2' 


ED 
5E 



8080A MODE 



CALL TO LOCATION 0038^^ 



INDIRECT CALL USING REGISTER 
I AND 8 BITS FROM INTERRUPTING 
DEVICE AS A POINTER. 
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6.0 FLAGS 



Each of the two Z80-CPU Flag registers contains six bits of information which are set or reset by various 
CPU operations. Four of these bits are testable; that is, they are used as conditions for jump, call, or return 
instructions. For example, a jump may be desired only if a specific bit in the flag register is set. The four 
testable flag bits are: 

1 ) Carry Flag (C) — This flag is the carry from the highest order bit of the accumulator. For example, the 
carry flag will be set during an add instruction where a carry from the highest bit of the accumulator is 
generated. This flag is also set if a borrow is generated during a subtraction instruction. The shift and 
rotate instructions also affect this bit. 

2) Zero Flag (Z) — This flag is set if the result of the operation loaded a zero into the accumulator. 
Otherwise the flag is reset. 

3) Sign Flag (S) — This flag is intended to be used with signed numbers, and it is set if the result of the 
operation was negative. Since bit 7 (MSB) represents the sign of the number (A negative number has a 
1 in bit 7), this flag stores the state of bit 7 in the accumulator. 

4) Parity/Overflow Flag (P/V) — This dual purpose flag indicates the parity of the result in the 
accumulator when logical operations are performed (such as AND A, B) and it represents overflow 
when signed two's complement arithmetic operations are performed. The Z80 overflow flag indicates 
that the two's complement number in the accumulator is in error since it has exceeded the maximum 
possible (+1 27) or is less than the minimum possible (-1 28) number that can be represented by two's 
complement notation. For example consider adding: 

+120 = 0111 1000 

+105 = 01101001 




C = 1110 0001 = -95 (wrong) Overflow has occurred 

Here the result is incorrect. Overflow has occurred and yet there is no carry to indicate an error. For this 
case, the overflow flag would be set. Also consider the addition of two negative numbers. 

-5 = 1111 1011 

-16 = 1111 0000 



C -1 11101011 =-21 correct 

Notice that the answer is correct, but the carry is set so that this flag cannot be used as an overflow 
indicator. In this case, the overflow would not be set. 

For logical operations (AND, OR, XOR), this flag is set if the parity of the result Is even, and the flag is reset if 
it is odd. 

There are also two non-testable bits in the flag register. Both of these are used for BCD arithmetic. They are: 

1 ) Half carry (H) — This is the BCD carry or borrow result from the least significant four bits of operation. 
When using the DAA (Decimal Adjust Instruction) this flag is used to correct the result of a previous 
packed decimal add or subtract. 

2) Add/Subtract Flag (N) — Since the algorithm for correcting BCD operations if different for addition or 
subtraction, this flag is used to specify what type of instruction was executed last so that the DAA 
operation will be correct for either addition or subtraction. 

The Flag register can be accessed by the programmer, and its form is as follows: 

D7 DO 



s 


z 


X 


H 


X 


P/V 


N 


C 
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Table 6.0-1 lists how each flag bit is affected by various CPU instructions. In this table, '•' indicates that the 
instruction does not change the flag; an 'X' means that the flag goes to an indeterminate state; an '0' means 
that it is reset; a '1 ' means that it is set, and the symbol } indicates that it is set for reset according to the 
previous discussion. Note that any instruction not appearing in this table does not affect any of the flags. 

Table 6.0-1 includes a few special cases that must be described for clarity. Notice that the block search 
instruction sets the Z flag if the last compare operation indicated a match between the source and the 
accumulator data. Also, the parity flag is set if the byte counter (register pair BC) is not equal to zero. This 
same use of the parity flag is made with the block move instructions. Another special case is during block 
input or output instructions. Here the Z flag is used to indicate the state of register B which is used as a byte 
counter. Notice that when the I/O block transfer is complete, the zero flag will be reset to a zero (i.e. B=0), 
while in the case of a block move command, the parity flag is reset when the operation is complete. Af inal 
case occurs when the refresh or I register is loaded into the accumulator, because Interrupt enable flip flop 
is then loaded into the parity flag so that the complete state of the CPU can be saved at any time. 
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SUMMARY OF FLAG OPERATION 
Table 6.0-1 





D7 










p/ 




DO 




Instruction 


S 


z 




H 




V 


N 


c 


Comments 


ADD A,s; ADC A,s 


t 


i 


X 


1 


X 


V 





1 


8-bit add or add with carry 


SUB^;SBCA,s;CP.s;NEG 


1 


1 


X 


t 


X 


V 


1 


1 


8-bit subtract, subtract with carry, compare and negate accumulator 


ANOs 


t 


i 


X 


i 


X 


p 








j Logical operations 


ORs; XORs 


1 


\ 


X 





X 


p 








INCs 


1 


i 


X 


1 


X 


V 





• 


8-bit increment 


DECS 


t 


1 


X 


1 


X 


V 


1 


• 


8-bit decrement 


ADD DD. SS 


• 


• 


X 


X 


X 


• 





t 


18-bit add 


ADCHUSS 


t 


\ 


X 


X 


X 


V 





\ 


16-bit add with carry 


SBCHL.SS 


t 


\ 


X 


X 


X 


V 


1 


\ 


16-bit subtract with carry 


RLA;RLCA;RRA;RRCA 


• 


• 


X 





X 


• 





\ 


Rotate accumulator 


RLs;RLCs;RRs; RRCs; 


\ 


1 


X 





X 


p 





1 


Rotate and shift locations 


SLAs;SRAs;SRLs 




















RLD.RRD 


\ 


1 


X 





X 


p 





• 


Rotate digit left and right 


DAA 


\ 


1 


X 


1 


X 


p 


• 


1 


Decimal adjust accumulator 


CPL 


• 


• 


X 


1 


X 


• 


1 


• 


Complement accumulator 


SCF 


• 


• 


X 





X 


• 





1 


Set carry 


CCF 


• 


• 


X 


X 


X 


• 





1 


Complement carry 


INr. (C) 


t 


1 


X 





X 


p 





• 


Input register indirect 


INI;IND;OUTI;OUTD 


X 


1 


X 


X 


X 


X 


1 


X 


1 Block input and output 

j Z = if B 9^ othetvwise Z = 1; if bit 7 = 1. N = 1 


INIR;INDR;OTIR;GTDR 


X 


1 


X 


X 


X 


X 


1 


X 


LDI; LDD 


X 


X 


X 





X 


1 





• 


^ Block transfer instructions 
JP/V=1 if BC =)«= 0, otherwise P/V = 


LDIR.LDDR 


X 


X 


X 





X 








• 


CPI;CPIR;CPD;CPDR 


t 


1 


\ 


X 


X 


i 


1 


• 


Block search instructions 

Z=1if A = (HL),otherwiseZ = 
P/V = 1 if BC 1^0, otherwise P/V = 


LD A, 1; LD A, R 


t 


1 


X 





X 


IFF 





• 


The content of the interrupt enable flip-flop (IFF) is copied into 
the P/V flag 


BITb,s 


X 


t 


X 


1 


X 


X 





• 


The state of bit b of location s is copied into the Z flag 




The following notation is used in this table: 
SYMBOL 



C 

Z 



P/V 



OPERATION 



Carry/link flag. 0=1 if the operation produced a carry from the MSB of the operand or result. 
Zero flag. Z=1 if the result of the operation is zero. 
Sign flag. S= 1 if the MSB of the result is one. 

Parity or overflow flag . Parity ( P) and overflow (V) share the same flag . Logical operations affect this flag with 
the parity of the result, while arithmetic operations affect this flag with the overflow of the result. If P/V holds 
parity, P/ V= 1 if the result of the operation is even, P/V=0 if result is odd. if P/V holds overflow, P/ V= if the 
result of the operation produced an overflow. 

Half -carry flag. H=1 if the add or subtract operation produced a carry into or borrow from bit 4 of the accumula- 
tor. 

Add/Subtract flag. N=1 if the previous operation was a subtract. 

H and N flags are used in conjunction with the decimal adjust instruction (DAA) to correct properly the result 
into packed BCD format following addition or subtraction using operands with packed BCD format. The flag 
is affected according to the result of the operation. 
The flag is unchanged by the operation. 
The flag is reset by the operation. 
The flag is set by the operation. 
The flag is a "don't care". 

P/V flag affected according to the overflow result of the operation. 
P/V flag affected according to the parity result of the operation. 
Any one of the CPU registers A, B, C, D, E, H, L. 

Any 8-bit location for all the addressing modes allowed for the particular instruction. 
Any 1 6-bit location for all the addressing modes allowed for that instruction. 
Any one of the two index registers IX or lY. 
Refresh counter. 
8-bit value in range <0, 255> 
16-bit value in range <0, 65535> 



111-45 



111-46 



7.0 SUMMARY OF OP CODES AND EXECUTION TIMES 

The following section gives a summary of the Z80 instruction set. The instructions are logically arranged 
into groups as shown on Tables 7.0-1 through 7.0-1 1 . Each table shows the assembly language mnemonic 
OP code, the actual OP code, the symbolic operation, the content of the flag register following the execution 
of each instruction, the number of bytes required for each instruction as well as the number of memory 
cycles and the total number of T states (external clock periods) required for the fetching and execution of 
each instruction. Care has been taken to make each table self-explanatory without requiring any cross 
reference with the text or other tables. 




111-47 



8-BIT LOAD GROUP 
Table 7.0-1 





Symbolic 
Operation 








FU 


gs 








OpCod 


e 


No. of 
Bytes 


No.ofM 
Cycles 


No.ofT 
States 




Mnemonic 


S 


Z 




H 




P/V 


N 


c 


76 543 210 


Hex 


Comments 


LDr.s 


r — s 


• 


• 


X 


• 


X 


• 


• 




01 r s 




1 


1 


4 


r, s Reg. 


LD r, n 


r^n 


• 


• 


X 


• 


X 


• 


• ' 




00 r 110 

— n ^ 




2 


2 


7 


000 B 

001 C 


LDr, (HL) 


r^(HL) 


• 


• 


X 


• 


X 


• 


• 




01 r 110 




1 


2 


7 


010 D 


LDr, (IX+d) 


r-(IX+d) 


• 


• 


X 


• 


X 


• 


• 




11 Oil 101 
01 r 110 
- d - 


DD 


3 


5 


19 


Oil E 

100 H 

101 L 


LDr, (lY+d) 


r^(IY+d) 


• 


• 


X 


• 


X 


• 


• 




11 111 101 
01 r 110 
- d - 


FD 


3 


5 


19 


111 A 


LD(HL),r 


(HU^r 


• 


• 


X 


• 


X 


• 


• 




01 110 r 




1 


2 


7 




LD(IX+d),r 


(IX+d)^r 


. 


• 


X 


• 


X 


• 


• 




11 Oil 101 
01 110 r 
^ d ^ 


DD 


3 


5 


19 




LD(IY+d),r 


(IY+d)-r 


• 


• 


X 


• 


X 


• 


• 




11 111 101 
01 110 r 
- d - 


FD 


3 


5 


19 




LD(HU.n 


(HU^n 


• 


• 


X 


• 


X 


• 


• 




00 110110 


36 


2 


3 


10 




LD(IX+d),n 


(IX+d)*-n 


• 


• 


X 


• 


X 


• 


• 




11 Oil 101 
00 110110 

- d - 

— n — 


DD 
36 


4 


5 


19 




LD(IY+d),n 


(IY+d)^n 


• 


• 


X 


• 


X 


• 


• 




11 111 101 
00 110110 
- d - 

*- n -* 


FD 
36 


4 


5 


19 




LD A, (BC) 


A-(BC) 


• 


• 


X 


• 


X 


• 


• 




00 001 010 


OA 


1 


2 


7 




LDA,(DE) 


A^(DE) 


• 


• 


X 


• 


X 


• 


• 




00 011010 


lA 


1 


2 


7 




LD A, (nn) 


A-(nn) 


• 


• 


X 


• 


X 


• , 


• 




00 111 010 
*- n — 
-»- n — 


3A 


3 


4 


13 




LD(BC),A 


(BC)-A 


• 


• 


X 


• 


X 


• 


• 




00 000 010 


02 


1 


2 


7 




LD(DE).A 


(DE)-A 


• 


• 


X 


• 


X 


• 


• 




00 010010 


12 


1 


2 


7 




LD (nn). A 


(nn)-A 


• 


• 


X 


• 


X 


• 


• 




00 110010 
— n — 
^ri- 


32 


3 


4 


13 




LDA, 1 


A-l 


1 


t 


X 





X 


IFF 







ll 101 101 
01 010111 


ED 
57 


2 


2 


9 




LDA, R 


A-R 


1 


t 


X 





X 


IFF 







11 101 101 
01 Oil 111 


ED 
5F 


2 


2 


9 




LDI.A 


1 -A 


• 


• 


X 


• 


X 


• 


• 




11 101 101 
01 000111 


ED 

47 


2 


2 


9 




LDR, A 


R-A 


• 


• 


X 


• 


X 


• 


• 




11 101 101 
01 001 111 


ED 
4F 


2 


2 


9 





Notes: r, s means any of the registers A, B, C, D, E, H, L 

IFFthecontent of the interrupt enable flip-flop (IFF) is copied into the P/Vf 

Flag Notation: •= flag not affected, = flag reset, 1 = flag set, X = flag is unknown, 
\ = flag is affected according to the result of the operation. 



111-48 



16-BIT LOAD GROUP 
Table 7.0-2 





Symbolic 
Operation 








Fl 


m 








Op-Code 


No. of 
Bytes 


No.ofM 
Cycles 


No.ofT 
States 




Mnemonic 


s 


z 




H 




P/V 


N 


c 


76 543 210 


Hex 


Comments 


LD dd, nn 


dd ^ nn 






X 


• 


X 








00 ddO 001 

- n ^ 

- n - 




3 


3 


10 


dd Pair 

00 BC 

01 DE 


LD IX, nn 


IX -nn 






X 


• 


X 








11 Oil 101 
00 100 001 

- n - 


DD 
21 


4 


4 


14 


10 HL 

11 SP 


LD lY, nn 


lY -nn 


• 




X 


• 


X 








- n ^ 
11 111 101 
00 100 001 

- n - 


FD 
21 


4 


4 


14 




LDHL, (nn) 


H - (nn+1) 
L - (nn) 






X 


• 


X 








- n - 
00 101 010 

-- n — 

— n — 


2A 


3 


5 


16 




LD dd, (nn) 


ddH^(nn+1) 
ddL -(nn) 






X 


• 


X 


• 






11 101 101 
01 ddl Oil 

*- n — 


ED 


4 


6 


20 




LD IX, (nn) 


IXH*-(nn+1) 
"XL*-(nn) 


• 




X 


• 


X 








— n -^ 
11 Oil 101 
00 101 010 

— n — 


DD 
2A 


4 


6 


20 




LD lY, (nn) 


IYH*-(nn+1) 
lYL-(nn) 






X 


• 


X 








— n — 
11 111 101 
00 101 010 

— n — 


FD 
2A 


4 


6 


20 




LD(nn), HL 


(nn+1) -H 
(nn)-L 






X 


• 


X 




• 




- n -* 
00 100 010 
^ n - 

— n — 


22 


3 


5 


16 




LD(nn),dd 


(nn+1) -ddH 
(nn)-ddL 


, 




X 


• 


X 








11 101 101 
01 ddO Oil 

*- n -* 


ED 


4 


6 


20 




LD(nn), IX 


(nn+1) -IXh 
(nn)-IXL 






X 


• 


X 








— n -* 
11 Oil 101 
00 100 010 

- n -* 


DD 
22 


4 


6 


20 




LD (nn), lY 


(nn+1)-IYH 
(nn)-IYL 


, 




X 


• 


X 








— n ■* 
11 111 101 
00 100 010 
*- n -* 


FD 
22 


4 


6 


20 




LDSP, HL 


SP- HL 






X 


• 


X 








— n -*- 
11111 001 


F9 


1 


1 


6 




LDSP, IX 


SP - IX 


• 




X 


• 


X 








11 Oil 101 
11 111 001 


DD 
F9 


2 


2 


10 




LD SP, lY 


SP - lY 






X 


• 


X 








11 111 101 
11 111 001 


FD 
F9 


2 


2 


10 


qq Pair 


PUSHqq 


(SP-2) - qqt 
(SP-1) - qqH 






X 


• 


X 








11 qqO 101 




1 


3 


11 


00 BC 

01 DE 


PUSH IX 


(SP-2) - IXl 
(SP-1) -IXh 






X 


• 


X 








11 Oil 101 
11 100 101 


DD 
E5 


2 


4 


15 


10 HL 

11 AF 


PUSH lY 


(SP-2) ^IYl 
(SP-1) -IYh 






X 


• 


X 








11 111 101 
11 100 101 


FD 
E5 


2 


4 


15 




POPqq 


qqH-(SP+1) 
qqL-(SP) 






X 


• 


X 








11 qqO 001 




1 


3 


10 




POP IX 


IXh^(SP+1) 
IXl^(SP) 






X 


• 


X 








11 Oil 101 
11 100 001 


DD 
El 


2 


4 


14 




POPIY 


IYh^(SP+1) 
IYl-(SP) 






X 


• 


X 








11 111 101 
11 100 001 


FD 
El 


2 


4 


14 






Notes: dd is any of the register pairs BC, DE, H L, SP 
qq is any of the register pairs AF, B C, D E, H L 

(PA! R) H, (PAI R) l refer to high order and low order eight bits of the register pair respectively. 
e.g. BCl=C, AFh = A 

Flag Notation: • = flag not affected, = flag reset, 1 = flag set, X = flag is unknown, 
I flag is affected according to the result of the operation. 
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EXCHANGE GROUP AND BLOCK TRANSFER AND SEARCH GROUP 
Table 7.0-3 





Symbolic 
Operation 








FIc 


fls 








Dp-Code 


No. of 
Bytes 


No.ofM 
Cycles 


No.ofT 
States 




Mnemonic 


S 


z 




H 




P/V 


N 


C 


76 543 210 


Hex 


Comments 


EXDE,HL 


DE--HL 


• 


• 


X 


• 


X 


• 


• 


• 


IT 101 Oil 


EB 


1 


1 


4 




EXAF,AF' 


AFW\P 


• 


• 


X 


• 


X 


• 


• ' 


• 


00 001 000 


08 


1 


1 


4 




EXX 


/BC-BC'\ 
DE-OE' j 


• 


• 


X 


• 


X 


• 


• 


• 


11 Oil 001 


D9 


1 


1 


4 


Register bank and 
auxiliary register 
bank exchange 


EX(SP), HL 


H — (SP+1) 
L -(SP) 


• 


• 


X 


• 


X 


• 


• 


• 


11 100 oil 


E3 


1 


5 


19 




EX (SP), IX 


IXh-(SP+1) 
IXl-(SP) 


• 


• 


X 


• 


X 


• 


• 


'•, 


11 oil 101 
11 100 oil 


DD 
E3 


2 


6 


23 




EX (SP), lY 


IYhHSP+1) 
IYlHSP) 


• 


• 


X 


• 


X 


• 

® 


• 


• 


11 111 101 
11 100 oil 


FD 
E3 


2 


6 


23 




LDI 


(DE)MHL) 
DE*-DE+1 
H L ^ H L+1 
BC -BC-1 


• 


• 


X 





X 


t 





• 


11 101 101 
10 100 000 


ED 
AO 


2 


4 


16 


Load (HL) into 
(DE), increment the 
pointers and 
decrement the byte 
counter (BC) 


LDIR 


(DE)HHL) 
DE -DE+1 
HL-HL+1 
BC -BC-1 
Repeat until 
BC = 


• 


• 


X 





X 




® 





• 


11 101 101 
10 110 000 


ED 
BO 


2 
2 


5 

4 


21 
16 


lfBC=?to 
lfBC = 


LDD 


(DE)HHL) 
DE -DEI 
HL-HL-1 
BC -BC-1 


• 


• 


X 





X 


t 





• 


11 101 101 
10 101 000 


ED 
A8 


2 


4 


16 




LDDR 


(DE)HHL) 
DE -DE-1 
HL-HL-1 
BC -BC-1 
Repeat until 
BC = 


• 


• 

® 


X 





X 




® 





• 


11 101 101 
10 111 000 


ED 
B8 


2 
2 


5 
4 


21 
16 


If BC=?fcO 
If BC =0 


CPI 


A-(HL) 
HL-HL+1 
BC -BC-1 


\ 


t 

(D 


X 


t 


X 


t 

(D 


1 


• 


11 101 101 
10 100 001 


ED 
A1 


2 


4 


16 




CPIR 


A-(HL) 
HL-HL+1 
BC -BC-1 
Repeat until 
A = (HL)or 
BC = 


i 


t 

® 


X 


1 


X 


t 

® 


1 


• 


11 101 101 
10 110 001 


ED 
B1 


2 
2 


5 

4 


21 
16 


lfBC=^OandA¥(HL) 
lfBC = OorA = (HL) 


CPD 


A-(HL) 
HL-HL-1 
BC -BC-1 


\ 


® 


X 


\ 


X 


® 


1 


• 


11 101 101 
10 101 001 


ED 
A9 


2 


4 


16 




CPDR 


A-(HL) 
HL-HL-1 
BC -BC-1 
Repeat until 
A = (HL)or 
BC = 


\ 


\ 


X 


\ 


X 


t 


1 


• 


11 101 101 
10 111 001 


ED 
B9 


2 
2 


5 

4 


21 
16 


If BC^OandA^(HL) 
If BC=OorA = (HL) 



Notes: ® P/V flag is if the result of BC-1 = 0, otherwise P/V = 1 
(2) Z flag is 1 if A = ( H L), otherwise Z = 0. 

Flag Notation: • = flag not affected, = flag reset, 1 = flag set, X = flag is unknown, 
t = flag is affected according to the result of the operation. 
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8-BIT ARITHMETIC AND LOGICAL GROUP 
Table 7.0-4 





Symbolic 
Operation 








Fla 


gs 








Op-Cod 


e 


No. of 
Bytes 


No.ofM 
Cycles 


No.ofT 
States 




Mnemonic 


S 


z 




H 




P/V 


N 


C 


76 543 210 


Hex 


Comments 


ADDA,r 


A - A + r 


1 


1 


X 


\ 


X 


V 





\ 


lOPSlr 




1 


1 


4 


r Reg. 


ADDA.n 


A *A + n 


\ 


\ 


X 


1 


X 


V 





1 


11 [SOOlllO 

— n ■*■ 




2 


2 


7 


000 B 

001 C 
010 D 


ADDA, (HL) 


A- A+(HL) 


\ 


1 


X 


\ 


X 


V 





1 


io|doO|iio 




1 


2 


7 


Oil E 


ADDA, (IX+d) 


A-A+(IX+d) 


\ 


t 


X 


\ 


X 


V 





\ 


11 oil 101 
10|000|110 

* d * 


DD 


3 


5 


19 


100 H 

101 L 
111 A 


ADD A, (lY+d) 


A*A+(IY+d) 


\ 


t 


X 


1 


X 


V 





\ 


11 111 101 
10|000|110 

^ d * 
1001 1 


FD 


3 


5 


19 




ADCA,s 


A-A+s+CY 


\ 


t 


X 


t 


X 


V 





t 










s is any of r, n, 


SUBs 


A-A-s 


t 


t 


X 


) 


X 


V 


1 


t 


1010 1 










(HU.(IX+d), 


SBCA,s 


A-A-s-CY 


1 


1 


X 


t 


X 


V 


1 


1 


1011 1 










(lY+d) as shown for 


ANDs 


A*A A s 


1 


1 


X 


1 


X 


p 








liool 










ADD instruction. 


ORs 


A-A V s 


1 


\ 


X 





X 


p 








liiol 










The indicated bits 


XORs 


A-A @ s 


1 


1 


X 





X 


p 








pn 










repJace the l()00| in 


CPs 


As 


\ 


t 


X 


t 


X 


V 


1 


t 


mil 










the ADD set above. 


INCr 


r * r + 1 


t 


1 


X 


1 


X 


V 





• 


00 r LLQQJ 




1 


1 


4 




INC(HL) 


(HL)-(HL)+1 


t 


\ 


X 


t 


X 


V 





• 


00 iionoo] 




1 


3 


11 




INC (IX+d) 


(IX+d) - 
(IX+d)+1 


t 


^ 


X 


\ 


X 


V 





• 


11 oil 101 

00 iioliool 

- d * 
11 111 101 


DD 


3 


6 


23 




INC(IY+d) 


(lY+d) - 


t 


t 


X 


1 


X 


V 





• 


FD 


3 


6 


23 






(IY+d)+1 


















00 iiofToni 

- d - 

rroTi 












DECS 


s-s-1 


t 


1 


X 


t 


X 


V 


1 


• 




1 


1 


4 


sis any of r, (HL), 
































(IX+d).(IY+d)as 
































shown for INC. 
































DEC same format 
































and states as INC. 
































Replace |1 00 1 with 
































ToiJinOPCQde. 




Notes: The V symbol in the P/V flag column indicates that the P/V flag contains the overflow of the result of the 
operation. Similarly the P symbol indicates parity. V = 1 means overflow, V = means not overflow, P - 1 
means parity of the result is even, P = means parity of the result is odd. 



Flag Notation: 



• = flag not affected, = flag reset, 1 = flag set, X = flag is unknown, 
\ = flag is affected according to the result of the operation. 



111-51 



GENERAL PURPOSE ARITHMETIC AND CPU CONTROL GROUPS 
Table 7.0-5 





Symbolic 
Operation 








Fli 


gs 








Op-Code 


No. of 
Bytes 


No.ofM 
Cycles 


No-pfT 
States 




Mnemonic 


S 


z 




H 




P/V 


N 


C 


76 543 210 


Hex 


Comments 


DAA 


Converts ace, 
content into 
packed BCD 
following add 
or subtract 
with packed 
BCD operands 


t 


\ 


X 


1 


X 


p 


• 


1 


00 100 111 


27 


1 


1 


4 


Decimal adjust 
accumulator 


CPL 


A- A 


• 


• 


X 


1 


X 


•' 


1 


• 


00 101 111 


2F 


1 


1 


4 


Complement 
accumulator 
(One's complement) 


NEG 


A - A + 1 


\ 


1 


X 


1 


X 


V 


1 


1 


11 101 101 
01 000 100 


ED 
44 


2 


2 


8 


Negate ace, (two's 
complement) 


CCF 


CY*CY 


• 


• 


X 


X 


X 


• 





» 


00 111 111 


3F 


1 


1 


4 


Complement carry 
flag 


SCF 


CY*1 


• 


• 


X 





X 


• 





1 


00 110 111 


37 








Set carry flag 


NOP 


No operation 


• 


• 


X 


• 


X 


• 


• 


• 


00 000 000 


00 










HALT 


CPU halted 


• 


• 


X 


• 


X 


• 


• 


• 


01 110 110 


76 










Dl* 


IFF * 


• 


• 


X 


• 


X 


• 


• 


• 


11 110 oil 


F3 










El* 


IFF * 1 


• 


• 


X 


• 


X 


• 


• 


• 


11 111 oil 


FB 










IMO 


Set interrupt 
modeO 


• 


• 


X 


• 


X 


• 


• 


• 


11 101 101 
01 000 110 


ED 
46 


2 


2 


8 




IM1 


Set interrupt 
mode 1 


• 


• 


X 


• 


X 


, • 


• 


• 


11 101 101 
01 010 110 


ED 
56 


2 


2 


8 




IM2 


Set interrupt 
mode 2 


• 


• 


X 


• 


X 


• 


• 


• 


11 101 101 
01 oil 110 


ED 
5E 


2 


2 


8 





Notes: 



IFF indicates the interrupt enable flip-flop 
CY indicates the carry flip-flop. 



Flag Notation: • = flag not affected, = flag reset, 1 = flag set, X = flag is unknown, 
\ ~ flag is affected according to the result of the operation. 

•Interrupts are not sampled at the end of El or Dl 
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16'BIT ARITHMETIC GROUP 
Table 7.0-6 





Symbolic 
Operation 








Fla 


gs 








Op-Code 


No. of 
Bytes 


No.ofM 
Cycles 


No.ofT 
States 


Comr 




Mnemonic 


S 


z 




H 




P/V 


N 


c 


76 543 210 


Hex 


nents 


ADDHL,ss 


HL-HL+ss 


• 


• 


X 


X 


X 


• 





1 


00 ssl 001 




1 


3 


11 


ss 
00 


Reg. 
BC 


ADCHUss 


HL-HL+ss+CY 


1 


1 


X 


X 


X 


V 





1 


11 101 101 
01 ssl 010 


ED 


2 


4 


15 


01 
10 
11 


DE 
HL 
SP 


SBCHL.SS 


HL-HL-ss-CY 


\ 


1 


X 


X 


X 


V 


1 


1 


11 101 101 
01 ssO 010 


ED 


2 


4 


15 






ADDIX.pp 


IX *IX + pp 


• 


• 


X 


X 


X 


• 





1 


11 Oil 101 
00 ppl 001 


DD 


2 


4 


15 


PP 
00 
01 
10 
11 


Reg. 

BC 

DE 

IX 

SP 


ADDIY,rr 


lY-IY + rr 


• 


• 


X 


X 


X 


• 





t 


11 111 101 
00 rr1 001 


FD 


2 


4 


15 


rr 
00 
01 
10 
11 


Reg. 

BC 

DE 

lY 

SP 


INCss 


ss ♦ ss + 1 


• 


• 


X 




X 








00 ssO Oil 




1 


1 


6 






INCIX 


IX - IX + 1 


• 


• 


X 




X 








11 Oil 101 
00 100 Oil 


DD 
23 


2 


2 


10 






IIMCIY 


lY * IY + 1 


• 


• 


X 




X 








11 111 101 
00 100 Oil 


FD 
23 


2 


2 


10 






DECss 


ss ♦ ss - 1 


• 


• 


X 




X 








00 ssl Oil 




1 


1 


6 






DECIX 


IX * IX- 1 


• 


• 


X 




X 








11 Oil 101 
00 101 Oil 


DD 
2B 


2 


2 


10 






DECIY 


lY *IY-1 


• 


• 


X 


• 


X 


• 


• 


• 


11 111 101 
00 101 oil 


FD 
2B 


2 


2 


10 








Notes: ss is any of the register pairs BC, DE, H L, SP 
PP is any of the register pairs BC, DE, IX, SP 
rr is any of the register pairs BC, DE, lY, SP. 

Flag Notation: • = flag not affected, = flag reset, 1 = flag set, X = flag is unknown. 
I = flag is affected according to the result of the operation. 



111-53 



ROTATE AND SHIFT GROUP 
Table 7.0-7 





Symbolic 








Fla 


gs 








Op-Code 


No.of 


No.of 
M 


No.of 

T 
















p/ 












Mnemonic 


Operation 


s 


z 




H 






N 


c 


76 543 210 


Hex 


Bytes 


Cycles 


States 


Comments 


RLCA 


fUY]J-fTi==oW 


• 


• 


X 





X 









00 000 111 


07 


1 


1 


4 


Rotate left circular 




A 


• 


• 


X 





X 









00 010 111 


17 


1 


1 


4 


accumulator 


RLA 


LfCY]-^7— dl-^^ 


Rotate left 




A 


• 


• 


X 





X 









00 001 111 


OF 


1 


1 


4 


accumulator 




1 . ' . I . 




RRCA 


Lj7— 0l-J-ICY| 


Rotate right circular 




A 


• 


• 


X 





X 









00 oil 111 


IF 


1 


1 


4 


accumulator 


RRA 


L|7 ^ol-^^J 


Rotate right 




A 




























accumulator 


RLCr 


N 






X 





X 









11 001 oil 
OOlOOOl r 


CB 


2 


2 


8 


Rotate left circular 
register r 


RLC(HL) 








X 





X 









11 001 oil 
OOlOOOl 110 


CB 


2 


4 


15 


r Reg. 
000 B 










X 





X 









11 oil 101 


DO 


4 


6 


23 


001 C 








RLC(IX+d) 


^ |CYkL|7— oM 


010 D 




r,(HLMlX+dUlY+d) 


















11 001 oil 

* d - 
oo|ooo|iio 


CB 








Oil E 

100 H 

101 L 
111 A 


RLC(IY+d) 


^ 






X 
X 






X 
X 










11 111 101 
11 001 oil 
* d * 
00|000ll10 


FD 
CB 


4 


6 


23 










RLs 


MCYl— 17— 0|J 


Instruction format and 




s=r.(HL),(IX+dMlY+d) 






X 





X 









M 










states are as shown for 
RLC's. Toform new 


RRCs 


L|7— Ol-l^CYl 


Op- Code replace 10001 




s=r,(HL),(IX+d).(IY+d) 






X 





X 









m 










of RLC's with shown 
code 


RRs 


L|7— 0|--[CYlJ 






s=r,(HLMlX+d),(IY+d) 






X 





X 









m 












SLAs 


ICY 1—17—0 1—0 






s = r,(HL),(IX+d),(IY+d) 






X 





X 









IMl 












SRAs 


[j7 — OMCYI 






s=r,(HLMlX+dMlY+d) 






X 





X 









imj 












SRLs 


0*17 — OI-^ICYl 






s=r,(Ha(IX+d),{IY+d) 






X 





X 







• 


11 101 101 


ED 


2 


5 


18 




RLD 


A |7-4|3-;0| |7-4|3|o|(HU 


Rotate digit left and 




1 J 4 — 1 


















01 101 111 


6F 








right between the 
accumulator 










X 





X 







• 


11 101 101 


ED 


2 


5 


18 


and location (HL). 


RRD 


A Ml3;o| DVvOKhu 


The content of the 




















01 100 111 


67 








upper half of the 
































accumulator is 
































unaffected 



Flag Notation: • = flag not affected, = flag reset, 1 = flag set, X = flag is unknown, 
\ = flag is affected according to the result of the operation. 
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BIT SET, RESET AND TEST GROUP 
Table 7.0-8 





Symbolic 
Operation 








Fli 


gs 








Op-Cod 


e 


No. of 
Bytes 


No.ofM 
Cycles 


No.ofT 
States 




Mnemonic 


S 


z 




H 




P/V 


N 


c 


76 543 210 


Hex 


Comments 


BITb.r 


Z*Tb 


X 


\ 


X 


1 


X 


X 





• 


11 001 oil 
01 b r 


CB 


2 


2 


8 


r 


Reg. 




000 


B 


BITb, (HL) 


Z*(HL)b 


X 


\ 


X 


1 


X 


X 





• 


11 001 Oil 
01 b 110 


CB 


2 


3 


12 


001 
010 


C 
D 


BITb, (IX+d)b 


Z*(IX+d)b 


X 


1 


X 


1 


X 


X 





• 


11 Oil 101 
11 001 Oil 
- d - 
01 b 110 


DO 
CB 


4 


5 


20 


oil 

100 
101 

111 


E 
H 
L 
A 




Z * (IY+d)b 


X 


1 


X 


1 


X 


X 





• 


11 111 101 


FD 


4 


5 


20 


b 


Bit Tested 


BITb, (IY+d)b 


000 

























11 001 Oil 


CB 








001 


1 






















* d * 










010 


2 






















01 b 110 










oil 

100 
101 
110 

111 


3 
4 
5 
6 
7 


SET b, r 


rb -1 


• 


• 


X 


' • 


X 


• 


• 


• 


11 001 Oil 

El b r 


CB 


2 


2 


8 




SETb, (HL) 


(HL)b - 1 


• 


• 


X 


• 


X 


• 


• 


• 


11 001 oil 

im b no 


CB 


2 


4 


15 




SET b, (IX+d) 


(IX+d)b * 1 


• 


• 


X 


• 


X 


• 


• 


• 


11 on 101 
11 001 oil 

* d * 

nn b 110 


DO 
CB 


4 


6 


23 




SETb.(IY+d) 


(IY+d)b - 1 


• 


• 


X 


• 


X 


' • 


• 


• 


11 111 101 
11 001 Oil 

* d * 

HH b no 


FD 
CB 


4 


6 


23 




RESb,s 


Sb-0 

s=r, (HL), 
(IX+d), 
(lY+d) 


• 


• 


X 


• 


X 


• 


• 


• 


M 










To form new Op- 
Code replace [H 
of SET b, s with 
flOl . Flags and time 
states for SET 
































instruction 






Notes: The notation Sb indicates bit b (0 to 7) or location s. 

Flag Notation: • = flag not affected, = flag reset, 1 = flag set, X = flag is unknown, 
I = flag is affected according to the result of the operation. 
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JUMP GROUP 
Table 7.0-9 





Symbolic 
Operation 








Fla 


gs 








Op-Code 


No. of 
Bytes 


No.ofM 
Cycles 


No.ofT 
States 




Mnemonic 


S 


z 




H 




P/V 


N 


C 


76 543 210 


Hex 


Comments 


JPnn 


PC -^ nn 


• 


• 


X 


• 


X 


• ' 


• 


• " 


11 000 oil 


C3 


3 


3 


10 






If condition cc 


• 


• 


X 


• 


X 


•' 


•^ 


• '' 


-•- n "^ 
♦ n ♦ 
11 cc 010 




3 


3 


10 


cc 


Condition 


JP CO, nn 


000 


NZ non zero 




is true PC * nn, 


















* n ♦ 










001 


Z zero 




otherwise 


















* n ♦ 










010 


NC non carry 




continue 




























Oil 
100 
101 
110 


C carry 
PO parity odd 
PE parity even 
P sign positive 


JRe 


PC*PC + e 


• 


• 


X 


• 


X 


• 


• 


• 


00 Oil 000 


18 


2 


3 


12 


111 


M sign negative 






















* e-2 * 












JRC.e 


lfC = 0, 
continue 

ifc = r. 

PC - PC+e 


• 


• 


X 


• 


X 


• 


• 


• 


00 111 000 
- e-2 - 


38 


2 
2 


2 
3 


7 
12 


If condition not met 
If condition is met 


JRNC.e 


If C=1. 
continue 
If C = 0, 
PC * PC+e 


• 


• 


X 


• 


X 


• 


• 


• 


00 110 000 
* e-2 - 


30 


2 
2 


2 
3 


7 
12 


If condition not met 
If condition is met 


JRZ.e 


lfZ = 
continue 
lfZ=1, 
PC - PC+e 


• 


• ' 


X 


• 


X 


• 


• 


• 


00 101 000 
* e-2 * 


28 


2 
2 


2 

3 


7 
12 


If condition not met 
If condition is met 


JRNZ.e 


lfZ = 1, 
continue 
If Z = 0. 
PC *■ PC+e 


• 


• 


X 


• 


X 


• 


■•■ ■ 


"• 


00 100 000 
* e-2 * 


20 


2 
2 


2 
3 


7 
12 


If condition not met 
If condition is met 


JP(HL) 


PC*HL 


• 


• 


X 


• 


X 


• 


• 


• 


11 101 001 


E9 


1 


1 


4 




JP(IX) 


PC * IX 


• 


• 


X 


• 


X 


• 


• 


• 


11 Oil 101 
11 101 001 


DD 
E9 


2 


2 


8 




JPdY) 


PC * lY 


• 


• 


X 


• 


X 


• 


• 


• 


11 111 101 
11 101 001 


FD 
E9 


2 


2 


8 




DJNZ.e 


B * B-1 
If B = 0. 
continue 

IfBffO, 


• 


• 


X 


• 


X 


• 


• 


• . 


00 010 000 
* e-2 - 


10 


2 
2 


2 
3 


8 
13 


If B = 
lfB!«0 




PC * PC+e 

































Notes: e represents the extension in the relative addressing mode. 

e is a signed two's complement number in the range <1 26, 1 29> 

e-2 in the op-code provides an effective address of pc+e as PC is 
incremented by 2 prior to the addition of e. 

Flag Notation: • = flag not affected, = flag reset, 1 = flag set, X = flag is unknown, 
\ = flag is affected according to the result of the operation. 
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CALL AND RETURN GROUP 
Table 7.0-10 



Mnemonic 



CALLnn 



CALLcc, nn 



RET 



RETcc 



RETI 
RETNl 

RSTp 



Symbolic 
Operation 



(SP-1) * PCh 
(SP'2) * PCl 
PC ♦ nn 

If condition 
cc is false 
continue, 
otherwise 
same as 
CALLnn 

PCl* (SP) 
PCh*(SP+1) 

If condition 
cc is false 
continue, 
otherwise 
same as 
RET 

Return from 
interrupt 
Return from 
non maskable 
interrupt 

(SP-1) - PCh 
(SP-2) * PCl 
PCh- 
PCl - p 



Flags 



P/VI N 1 C 



Op-Code 



76 543 210 



11 001 101 

♦ n ♦ 

♦ n ♦ 

11 cc 100 

- n - 



11 001 001 



11 cc 000 



11 101 101 

01 001 101 

11 101 101 

01 000 101 



111 



Hex 



CD 



C9 



ED 
40 
ED 
45 



No. of 
Bytes 



HojoifA 
Cycles 



NcofT 
States 



Commints 



If cc is false 
If cc is true 




If cc is false 



If cc is true 




cc 


Condition 


000 


NZ 


nonzero 


001 


Z 


zero 


010 


NC 


non carry 


Oil 


C 


carry 


100 


PO 


parity odd 


101 


PE 


parity even 


110 


P 


sign positive 


111 


M 


sign negativa 



t 


P 


000 


OOH 


001 


08H 


010 


10H 


Oil 


18H 


100 


2QH 


101 


28H 


110 


30H 


111 


38H 



IrETN loads IFF2 * IFF^ 



Flag Notation: • ~ flag not affected, = flag reset. 1 » flag set, X = flag is unknown, 
I == flag is affected according to the result of the operation. 
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INPUT AND OUTPUT GROUP 
Table 7.0-1 1 





Symbolic 
Operation 








Fl 


gs 








Op-Code 


No.of 
Bytes 


No.ofM 
Cycles 


No.of T 
States 




Mnemonic 


S 


z 




H 




P/V 


N 


C 


76 543 210 


Hex 


Comments 


INA, (n) 


A - (n) 


• 


• 


X 


• 


X 


• 


• 


• 


11 Oil Oil 
- n - 


DB 


2 


3 


11 


n to Aq ~ Ay 
Ace to Ag ~ A^ 5 


INr, (C) 


r - (C) 
if r= 110 only 
the flags will 
be affected 


1 


1 

® 


X 


\ 


X 


p 





• 


11 101 101 
01 r 000 


ED 


2 


3 


12 


C to Aq ~ Ay 
BtoAg-Ais 


INI 


(HL) * (C) 
B - B-1 
HL * HL + 1 


X 


1 


X 


X 


X 


X 


1 


X 


11 101 101 
10 100 010 


ED 
A2 


2 


4 


16 


C to Aq ~ Ay 

BtoAg-Ais 


INIR 


(HL) * (C) 
B - B-1 
HL- HL + 1 
Repeat until 
B = 


X 


1 

® 


X 


X 


X 


X 


1 


X 


11 101 101 
10 110 010 


ED 
B2 


2 
2 


5 

(IfB^O) 

4 

(lfB = 0) 


21 
16 


C to Aq ~ Ay 

BtoA8~Ai5 


IND 


(HL) -(C) 
B - B-1 
HL -HL-1 


X 


1 


X 


X 


X 


X 


1 


X 


11 101 101 
10 101 010 


ED 
AA 


2 


4 


16 


C to Aq ~ Ay 

BtoAg-Ais 


INDR 


(HD— (C) 
B - B-1 
HL- HL-1 
Repeat until 
B = 


X 


1 


X 


X 


X 


X 


1 


X 


11 101 101 
10 111 010 


ED 
BA 


2 
2 


5 

(IfB^O) 

4 

(If B = 0) 


21 

16 


to Ag ~ Ay 

BtoAg^Ais 


OUTtn), A 


(n)-A 


• 


• 


X 


• 


X 


• 


• 


• 


11 010 oil 


D3 


2 


3 


11 


n to Aq ~ Ay 
Ace to Ag ~ Ai5 


OUT(C),r 


(C)-r 


• 


® 


X 


• 


X 


• 


• 


• 


11 101 101 
01 r 001 


ED 


2 


3 


12 


C to Aq ~ Ay 

BtoAg-A^S 


OUTI 


B - B-1 
(C) - (HL) 
HL - HL-H 


X 


1 


X 


X 


X 


X 


1 


X 


11 101 101 
10 100 Oil 


ED 
A3 


2 


4 


16 


C to Aq ~ Ay 

BtoA8~Ai5 


OTIR 


B - B-1 
(C) * (HL^ 
HL- HL-H 
Repeat until 
B = 


X 


1 

® 


X 


X 


X 


X 


1 


X 


11 101 101 

10 110 on 


ED 
B3 


2 
2 


5 

(IfB^^O) 

4 

(lfB = 0) 


21 
16 


C to Aq ~ Ay 

BtoAg-Ais 


OUTD 


(0- (HL) 
B - B-1 
HL- HL-1 


X 


\ 


^ 


X 


X 


X 


1 


X 


11 101 101 

10 101 on 


ED 
AB 


2 


4 


16 


C to Aq ~ Ay 

BtoAg'-Ais 


OTDR 


(C) - (HL) 
B - B-1 
HL - HL-1 
Repeat until 
B = 


X 


1 


X 


X 


X 


X 


1 


X 


11 101 101 
10 111 oil 


ED 
BB 


2 
2 


5 

(IfB^O) 

4 

(lfB = 0) 


21 
16 


C to Aq ~ Ay 

BtoAg-Ais 



Notes: Q) If the result of B - 1 is zero the Z flag is set, otherwise it is reset. 

Flag Notation: • = flag not affected, = flag reset, 1 = flag set, X = flag is unknown, 
t = flag is affected according to the result of the operation. 
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8.0 INTERRUPT RESPONSE 

The purpose of an interrupt is to allow peripheral devices to suspend CPU operation in an orderly nrjanner 
and force the CPU to start a peripheral service routine. Usually this service routine is involved with the 
exchange of data, or status and control information, between the CPU and the peripheral. Once the service 
routine is completed, the CPU returns to the operation from which it was interrupted. 

INTERRUPT ENABLE — DISABLE 

The Z80-CPU has two interrupt inputs, a software maskable interrupt and a non-maskable interrupt. The 
non-maskable interrupt (NMI) cannot be disabled by the programmer, and it will be accepted whenever a 
peripheral device requests it. This interrupt Is generally reserved for very important functions that must be 
serviced whenever they occur, such as with an impending power failure. The maskable interrupt (INT) can 
be selectively enabled or disabled by the programmer. This allows the programmer to disable the interrupt 
during periods where his program has timing constraints that do not allow it to be interrupted. In the 
Z80-CPU there is an enable flip flop (called IFF) that is set or reset by the programmer using the Enable 
Interrupt (El) and Disable Interrupt (Dl) instructions. When the IFF is reset, an interrupt cannot be accepted 
by the CPU. 

Actually, for purposes that will be subsequently explained, there are two enable flip flops, called IFF-] and 




Actually disables interrupts Temporary storage location 

from being accepted. forlFF^. 

The state of IFF^ Is actually used to inhibit interrupts, while IFF2 is used as a temporary storage location for 
IFF^. The purpose of storing the IFF^ will be subsequently explained. 

A reset to the CPU will force both IFF^ and IFF2 to the reset state so that interrupts are disabled. They can 
then be enabled by an Elinstruction at any time by the programmer. When an El instruction is executed, any 
pending interrupt request will not be accepted until after the instruction following El has been executed. 
This single instruction delay is necessary for cases when the following instruction is a return instruction 
and interrupts must not be allowed until the return has been completed. The El instructions set both IFF^ 
and IFF2 to the enable state. When an interrupt is accepted by the CPU, both IFF^ and IFF2 are automatically 
reset, inhibiting further interrupts until the programmer wishes to issue a new El instruction. Note that for 
all of the previous cases, IFF^ and IFF2 are always equal. 

The purpose of IFF2 is to save the status of IFF^ when a non-maskable interrupt occurs. When a 
non-maskable interrupt is accepted, IFF^ Is reset to prevent further interrupts until these are reenabled by 
the programmer. Thus, after a non-maskable interrupt has been accepted, maskable interrupts are 
disabled, but the previous state of IFF^ has been saved so that the complete state of the CPU just prior to the 
non-maskable interrupt can be restored at any time. When a Load Register A with Register I (LD A, I) 
I nstruction or a Load Register A with Register R (LD A, R) instruction is executed, the state of IFF2 is copied 
into the parity flag where it can be tested or stored. 

A second method of restoring the status of IFF^ is through the execution of a Return From Non-Maskable 
Interrupt (RETN) Instruction. Since this instruction indicates that the non-maskable interrupt service 
routine is complete, the contents of IFF2 are now copied back into IFF^ , so that the status of IFF^ just prior to 
the acceptance of the non-maskable interrupt will be restored automatically. 
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Figure 8.0-1 is a summary of the effect of different instructions on the two enable flip flops. 

INTERRUPT ENABLE/DISABLE FLIP FLOPS ~" ~ ~~ " 

Figure 8.0-1 



Action 


IFF, 


IFF2 




CPU Reset 










Dl 










El 


1 


1 




LD A; 1 


• 


• 


IFF2 -^ Parity flag 


LDA, R 


. • 


• 


IFF2 -* Parity flag 


Accept NMI 





• 




REIN 


IFF2 


• 


IFF2-IFF1 


Accept INT 










RETI 


• 


• 





"•" indicates no change 



CPU RESPONSE 

Non- Maskable 

A non-maskable interrupt will be accepted at all times by the CPU. When this occurs, the CPU ignores the 
next instruction that it fetches and instead does a restart to location 0066H. Thus, it behaves exactly as if it 
had received a restart instruction, but It is to a location that is not one of the 8 software restart locations. A 
restart is merely a call to a specific address in page memory. 

Maskable 

The CPU can be programmed to respond to the maskable interrupt in any one of three possible modes. 

ModeO 

This mode Is identical to the 8080A interrupt response mode. With this mode, the interrupting device can 
place any instruction on the data bus and the CPU will execute it. Thus, the interrupting device provides the 
next instruction to be executed Instead of the memory. Often, this instruction will be a restart instruction, 
since the interrupting device only need supply a single byte instruction. Alternatively, any other instruction, 
such as a 3 byte call to any location in memory, could be executed by issuing a restart to the 3 byte op code. 

The number of clock cycles necessary to execute this instruction is 2 more than the normal number for the 
instruction. This execution occurs since the CPU automatically adds 2 wait states to an interrupt response 
cycle to allow sufficient time to implement an external daisy chain for priority control. Section 4.0 illustrates 
the detailed timing for an interrupt response. After the application of RESET, the CPU will automatically 
enter interrupt Mode 0. 

Mode 1 

When this mode has been selected by the programmer, the CPU will respond to an interrupt by executing a 
restart to location 0038H. Thus the response is identical tothatfor a non-maskable interrupt except that the 
call location is 0036 H instead of 0066H. Another difference is that the number of cycles required to 
complete the restart instruction is 2 more than normal due to the two added wait states. 

Mode 2 

This mode is the most powerful interrupt response mode. With a single 8-bit byte from the user, an indirect 
call can be made to any memory location. 

With this mode, the programmer maintains a table of 1 6 bit starting addresses for every interrupt service 
routine. This table may be located anywhere in memory. When an interrupt Is accepted, a 1 6 bit pointer 

111-60 



must be formed to obtain the desired interrupt service routine starting address from the table. The upper 8 
bits of this pointer are formed from the contents of the I register. The I register must have been previously 
loaded with the desired value by the programmer: i.e. LD I, A. Note that the CPU reset clears the I register so 
that it is initialized to zero. The lower eight bits of the pointer must be supplied by the interrupting device. 
Actually, only 7 bits are required from the interrupting device, as the least bit must be a zero. This is required 
since the pointer is used to get two adjacent bytes to form a complete 1 6 bit service routine starting address, 
and the addresses must always start in even locations. 



INTERRUPT SERVICE ROUTINE STARTING ADDRESS TABLE 
Figure 8.0-2 



INTERRUPT 

SERVICE 

ROUTINE 

STARTING 

ADDRESS 

TABLE 



LOW ORDER 



HIGH ORDER 



DESIRED STARTING ADDRESS 
POINTED TO BY: 



} 



1 REG 
CONTENTS 


7 BITS FROM 
PERIPHERAL 







The first byte in the table is the least significant (low order) portion of the address. The programmer must 
obviously fill this table in with the desired addresses before any interrupts are to be accepted. 

Note that this table can be changed at anytime by the programmer (if it is stored in Read/Write Memory) to 
allow different peripherals to be serviced by different service routines. 

Once the interrupting device supplies the lower portion of the pointer, the CPU automatically pushes the 
program counter onto the stack, obtains the starting address from the table and does a jump to this address. 
This mode of response requires 19 clock periods to complete (7 to fetch the lower 8 bits from the 
interrupting device, 6 to save the program counter, and 6 to obtain the jump address.) 

Note that the Z80 peripheral devices all include a daisychain priority interrupt structure that automatically 
supplies the programmed vector to the CPU during interrupt acknowledge. Refer to the Z80-PIO, Z80-SIO 
and Z80-CTC manuals for details. 
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INTERRUPT REQUEST ACKNOWLEDGE C\ 
Figure 8.0-3 

Last M Cycle 


rcLE 




Ml 
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T3 


W 
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X 


PC 






Xrefresh 








\ 
















J 
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MKbU 






1 








\- 








1 

1 
1 




v_ 


J 




1 
1 


nz 


"V 








1 
J_ 




1 
1 


\Jlj 


WAIT 






1 




„ ^1 . 


,1^"" 










1 




1 












1 

1 
1 4^ 


Daisy Chain 


1 
1 


Vector Placed 










1 
1 


Priority Frozen 


1 
1 


onto Data Bus 





Z80 INTERRUPT ACKNOWLEDGE SUMMARY 

1) PERIPHERAL DEVICE REQUESTS INTERRUPT. Any device requesting an interrupt can pull the 
wired-or line INT low. 

2) CPU ACKNOWLEDGES INTERRUPT. Priority status is frozen when MT goes low during the Interrupt 
Acknowledge sequence. Propagation delays down the lEI/lEO daisy chain must be settled out when 
lORQgoes low. If lEI is HIGH, an active Peripheral Device will place its Interrupt Vector on the Data Bus 
when lORQgoes low. That Peripheral then releases its hold on INT allowing interrupts from a higher 
priority device. Lower priority devices are inhibited from placing their Vector on the Data Bus or 
Interrupting because lEO is low on the active device. 

3) INTERRUPT IS CLEARED. An active Peripheral device (IEI= 1 , IEO=0) monitors OP Code fetches for an 
RETI (ED 4D) instruction which tells the peripheral that its Interrupt Service Routine is over. The 
peripheral device then re-activates its internal Interrupt structure as well as raising its lEO line to 
enable lower priority devices. 
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INTERRELATIONSHIP OF INT, NMI, AND BUSRQ 

The following flow chart details the relationship of three control inputs to the Z80-CPU. Note the following 
from the flow chart. 

1 . FnT and NMI are always acted on at the end of an instruction. 

2. BUSRQ is acted on at the end of a machine cycle. 

3. While the CPU is in the DMA MODE, it will not respond to active in puts on IN T or NMI. 

4. These three inputs are acted on in the following order of priority: a) BUSRQ b) NMI C) INT 



Z80-CPU INTERRUPT SEQUENCE 
Figure 8.0-4 
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9.0 HARDWARE IMPLEMENTATION EXAMPLES 

This chapter is intended to serve as a basic introduction to implementing systems with the Z80-CPU. 

MINIMUM SYSTEM 

Figure 9.0-1 is a diagram of a very simple Z80 system. Any Z80 system must include the following five 
elements: 



1 ) Five volt power supply 

2) Oscillator 

3) Memory devices 

4) I/O circuits 

5) CPU 



MINIMUM Z80 COMPUTER SYSTEM 
Figure 9.0-1 
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SincetheZ80-CPU only requires a single 5 volt supply, most small systems can be implemented using only 
this single supply. 

The oscillator can be very simple since the only requirement is that it be a 5 volt square wave. For systems 
not running at full speed, a simple RC oscillator can be used. When the CPU is operated near the highest 
possible frequency, a crystal oscillator is generally required because the system timing will not tolerate the 
drift or jitter that an RC network will generate. A crystal oscillator can be made from inverters and a few 
discrete components or monolithic circuits are widely available. 

The external memory can be any mixture of standard RAM, ROM, or PROM. In this simple example we have 
shown a single 1 6K bit ROM (2K bytes) being utilized as the entire memory system. For this exampte we 
have assumed that the Z80 internal register configuration contains sufficient Read/Write storage so that 
external RAM memory is not required. 
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Every computer system requires I/O circuits to allow it to interface to the "real world." In this simple 
example, it is assumed that the output is an 8 bit control vector and the input is an 8 bit status word. The 
input data could be gated onto the data bus using any standard tri-state driver while the output data could 
be latched with any type of standard TTL latch. For this example we have used a Z80-PIO for the I/O circuit. 
This single circuit attaches to the data bus as shown and provides the required 1 6 bits of TTL compatible 
I/O. (Refer to the Z80-PIO manual for details on the operation of this circuit.) Notice in this example that 
with only three LSI circuits, a simple oscillator and a single 5 volt power supply, a powerful computer has 
been implemented. 

ADDING RAM 

Most computer systems require some amount of external Read/Write memory for data storage and to 
implement a "stack". Figure 9.0-2 illustrates how 256 bytes of static memory can be added to the previous 
example. In this example, the memory space is assumed to be organized as follows: 



ROM & RAM IMPLEMENTATION EXAMPLE 
Figure 9.0-2 



2K bytes 
ROM 



256 bytes 
RAM 



ADDRESS 

0000 H 

07FFH 
0800H 

08 FFH 




ADDRESS BUS 




DATA BUS 



In this diagram the address space is described in hexadecimal notation. For this example, address bit A^ ^ 
separates the ROM space from the RAM space so that it can be used for the chip select function. For larger 
amounts of external ROM or RAM, a simple TTL decoder will be required to form the chip selects. 



MEMORY SPEED CONTROL 



For many applications, it may be desirable to use slow memories to reduce costs. The WAIT line on the CPU 
allows the Z80 to operate with any speed memory. By referring back to section 4 you will notice that the 
memory access time requirements are most severe during the Ml cycle instruction fetch. All other memory 
accesses have an additional one half of a clock cycle to be completed. For this reason it may be desirable in 
some applications to add one wait state to the M1 cycle so that slower memories can be used. Figure 9.0-3 
is an example of a simple circuit that will accomplish this task. This circuit can be changed to add a single 
wait state to any memory access as shown in Figure 9.0-4. 
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ADDING ONE WAIT STATE TO AN M1 CYCLE 
Figure 9.0-3 
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ADDING ONE WAIT STATE TO ANY MEMORY CYCLE 
Figure 9.0-4 
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INTERFACING DYNAMIC MEMORIES 

This section is intended only to serve as a brief introduction to interfacing dynamic memories. Each 
individual dynamic RAM has varying specifications that will require minor modifications to the description 
given here, and no attempt will be made in this document to give details for any particular RAM. 

Figure 9.0-5 illustrates the logic memory to interface 8K bytes of dynamic RAM using 1 6-pln 4K dynamic 
memories. This Figure assumes that the RAM's are the only memory in the system so that A^2 '^ ^s®^ ^^ 
select between the two pages of memory. During refresh time, all memories in the system must be read. 
The CPU provides the proper refresh address on lines Aq through Ag. To add additional memory to the 
system, it is necessary only to replace the two gates that operate on A^ 2 with a decoder that operates on all 
required address bits. For larger systems, buffering for the address and data bus is also generally required. 

An application note entitled "Z80 Interfacing Techniques for Dynamic RAM" is available from your Mostek 
representative which describes dynamic RAM design techniques. 
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INTERFACING DYNAMIC RAMs 
Figure 9.0-5 
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Z80-CPU DESIGN CONSIDERATIONS: CLOCK CIRCUITRY 

Proper Z80 clock circuitry design is of paramount importance when designing a Z80 system. Parameters 
such as clock rise and fall times, min./max. clock high and low times, and max clock over and under shoot 
should be closely adhered to. Violation of these specs will result in unreliable and unpredictable 
CPU/peripheral behavior. Several manufacturers offer a wide variety of combination oscillator/drivers 
housed in 14 pin DIP packages. The following is a suggested source of reliable oscillators/drivers currently 
available. 



Vendor 

Motorola 
Motorola 
MP Electronics 
Hybrid House 



Function 

Oscillator/Driver 
Oscillator 
Oscillator 
Driver 



Part No. 

K1 1 60 series 
K1114 
MF1114 
HH3006A 



Figure 9.0-6 illustrates a schematic recommended for driving the Z80 CPU, as well as other Z80 
peripherals. This configuration meets the 30 ns rise and fall time while driving up to a 1 50 pf. load. Note the 
divide by two input flip flop to provide a 60 percent duty cycle clock. This stage may be omitted if the 
oscillator is guaranteed to be within the specifications. 



Figure 9.0-6 
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The Z80-CPU has the characteristic that, if the RESET input goes low during T2 or T4 of a cycle, then the 
MREQ signal will go to an indeterminate state for one T-State approximately 3 T-States later. If there are 
dynamic memories In the system, this action could cause an aborted or short access of the dynamic RAM, 
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which could cause destruction of data within the RAM. If the contents of RAM are of no concern after 
RESET, then this characteristic is no pr oblem, as the CPU always resets properly. If RAM contents must be 
preserved, then the falling edge of the RESET input must be synchronized by the falling edge of M1 . 

The circ uitry of F igure 9.0-7 doe s this sy nchronization as well as providing a one-shot to limit the duration of 
the CPU RESET pulse. The CPU RESET signal must be a pulse, even though the EXTERNAL RESET button is 
held closed in order to avoid suspending the CPU refresh of dynamic RAM for a time long enough to destroy 
data in the RAM. 



MANUAL AND POWER-ON RESET CIRCUIT 
Figure 9.0-7 
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ADDRESS LATCHING 

In order to guarantee proper operation of the Z80-CPU with dynamic RAMs the upper 4 bits of the address 
should be latched as shown in Figure 9.0-8. This action is required because the Z80-CPU does not 
guarantee that the Address Bus will hold valid before the rising edge of MREQ on an OP Code Fetch. 

This action does not directly affect dynamic memorie s bec ause they latch addresses internally. Th6 problem 
comes from the address decode r which generates RAS. If the address lines which drive the decoder are 
allowed to change while MREQ Is low, then a "glitch" can occur on the RAS line or lines, which may have 
the effect of destroying one row of data within the dynamic RAM. 
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ADDRESS LATCH 
Figure 9.0-8 
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RAS TIMING WITH AND WITHOUT ADDRESS LATCH 
Figure 9.0-9 
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10.0 SOFTWARE IMPLEMENTATION EXAMPLES 

10.1 METHODS OF SOFTWARE IMPLEMENTATION 

Several different approaches are possible in developing software for the Z80 (Figure 1 0.1 ). First of 
all. Assembly Language or a high level language may be used as the source language. These 
languages may then be translated into machine language on a commercial time sharing facility 
using a cross-assembler or cross-compiler, or, in the case of assembly language, the translation can 
be accomplished on a Z80 Development System using a resident assembler. Finally, the resulting 
machine code can be debugged either on a time-sharing facility using a Z80 simulator or on a Z80 
Development System which uses a Z80-CPU directly. 



SOFTWARE GENERATION TECHNIQUES 
Figure 10.1 
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In selecting a source language, the primary factors to be considered are clarity and ease of 
programming versus code efficiency. A high level language with its machine independent 
constraints is typically better for formulating and maintaining algorithms, but the resulting machine 
code is usually somewhat less efficient than what can be written directly in assembly language. 
These tradeoffs can often be balanced by combining high level language routines, by identifying 
those portions of a task which must be optimized, and by writing them as assembly language 
subroutines. 

Deciding whether to use a resident or cross assembler is a matter of availability and short-term 
versus long-term expense. While the initial expenditure for a development system is higher than 
that for a time-sharing terminal, the cost of an individual assembly using a resident assembler is 
negligible while the same operation on a time-sharing system is relatively expensive, and in a short 
time this cost can equal the total cost of a development system. 

Debugging on a development system versus a simulator isalsoa matter of availability and expense 
combined with operational fidelity and flexibility. As with the assembly process, debugging is less 
expensive on a development system than on a simulator availablethrough time-sharing. In addition, 
the fidelity of the operating environment is preserved through real-time execution on a Z80-CPU and 
by connecting the I/O and memory components which will actually be used in the production 
system. The only advantage to the use of a simulator is the range of criteria which may be selected 
for such debugging procedures as tracing and setting breakpoints. This flexibility exists because a 
software simulation can achieve any degree of complexity in its interpretation of machine 
instructions while development system procedures have hardware limitations such as the capacity 
of the real-time storage module, the number of breakpoint registers and the pin configuration of the 
CPU. Despite such hardware limitations, debugging on a development system is typically more 
productive than on a simulator because of the direct interaction that is possible between the 
programmer and the authentic execution of his program. 
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10.2 SOFTWARE FEATURES OFFERED BY THE Z80-CPU 

The Z80 instruction set provides the user with a large and flexible repertoire of operations with 
which to formulate control of the Z80-CPU. 

The prinnary, auxiliary, and index registers can be used to hold the arguments of arithmetic and 
logical operations, or to form memory addresses, or as fast-access storage for frequently used data. 

Information can be moved directly from register to register; from memory to memory; from memory 
to registers, or from registers to memory. In addition, register contents and register/memory 
contents can be exchanged without using temporary storage. In particular, the contents of primary 
and auxiliary registers can be completely exchanged by executing only two instructions: EX and 
EXX. This register exchange procedure can be used to separate the set of working registers between 
different logical procedures or to expand the set of available registers in a single procedure. 

Storage and retrieval of data between pairs of registers and memory can be controlled on a last-in 
first-out basis through PUSH and POP instructions which utilize a special stack pointer register, SP. 
This stack register is available both to manipulate data and to store and retrieve addresses for 
subroutine linkage automatically. When a subroutine is called, for example, the address following 
the CALL instruction is placed on the top of the pushdown stack pointed to by SP. When a subroutine 
returns to the calling routine, the address on the top of the stack is used to set the program counter 
for the address of the next instruction. The stack pointer is adjusted automatically to reflect the 
current "top" stack position during PUSH, POP, CALL and RET instructions. This stack mechanism 
allows pushdown data stacks and subroutine calls to be nested to any practical depth because the 
stack area can potentially be as large as memory space. 

The sequence of instruction execution can be controlled by six different flags (carry, zero, sign, 
parity/overflow, add-subtract, half-carry) which reflect the results of arithmetic, logical, shift and 
compareinstructions. After the execution of an instruction which sets a flag, that flag can be used to 
control a conditional jumper return instruction. These instructions provide logical control following 
the manipulation of single bit, eight-bit byte (or) sixteen-bit data quantities. 

Afull setof logical operations, including AND, OR, XOR (exclusive —^OR), CPL(NOR) and NEG (two's 
complement) are available for Boolean operations between the accumulator and 1) all other 
eight-bit registers, 2) memory locations, or 3) immediate operands. 

In addition, a full set of arithmetic and logical shifts in both directions is available and operate on the 
contents of all eight-bit primary registers or directly on any memory location. The carry flag can be 
included or simply set by these shift instructions to provide both the testing of shift results and to link 
register/ register or register/ memory shift operations. 

10.3 EXAMPLES OF USE OF SPECIAL Z80 INSTRUCTIONS 

A. Let us assume that a string of data in memory starting at location "DATA" is to be moved into 
another area of memory starting at location "BUFFER" and that the string length is 737 bytes. 
This operation can be accomplished as follows: 

;START ADDRESS OF DATA STRING 
;START ADDRESS OF TARGET BUFFER 
;LENGTH OF DATA STRING 
;MOVE STRING —TRANSFER MEMORY 
;POINTED TO BY HL INTO MEMORY 
;LOCATION POINTED TO BY DE INCREMENT 
;HL AND DE, DECREMENT BC PROCESS 
;UNTILBC=0. 

1 1 bytes are required for this operation and each byte of data is moved in 21 clock cycles. 
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LD 


HL, DATA 


LD 


DE, BUFFER 


LD 


BC,737 


LDIR 





B. Assume that a string in memory starting at location "DATA" is to be moved into another area of 
memory starting at location "BUFFER" until an ASCII $ character (used as string delimiter) is 
found. Also assume that the maximum string length is 1 32 characters. The operation can be 
performed as follows: 



LD 


HU DATA 


LD 


DE, BUFFER 


LD 


BC, 132 


LD 


A, '$' 


LOOP: CP 


(HL) 


JR 


Z, END— $ 


LDI 




JP 


PE, LOOP 



END: 



STARTING ADDRESS OF DATA STRING 

STARTING ADDRESS OF TARGET BUFFER 

MAXIMUM STRING LENGTH 

STRING DELIMITER CODE 

COMPARE MEMORY CONTENTS WITH DELIMITER 

GOT TO END IF CHARACTERS EQUAL 

MOVE CHARACTER (HL) TO (DE) 

INCREMENT HL AND DE, DECREMENT BC 

GO TO "LOOP' IF MORE CHARACTERS 

OTHERWISE, FALL THROUGH 

NOTE: P/V FUVG IS USED 

TO INDICATE THAT REGISTER BC WAS 

DECREMENTED TO ZERO. 




1 9 bytes are required for this operation. 

Let us assume that a 1 6-digit decimal number represented in packed BCD format (two BCD 
digits;/byte) has to be shifted as shown in the Figure 10.2 in order to mechanize BCD 
multiplication or division. The operation can be accomplished as follows: 



LD HL, DATA 

LD B, COUNT 

XOR A 
ROTAT: RLD 

INC HL 
DJNZ ROTAT— $ 



ADDRESS OF FIRST BYTE 

SHIFT COUNT 

CLEAR ACCUMULATOR 

ROTATE LEFT LOW ORDER DIGIT IN ACC 

WITH DIGITS IN (HL) 

ADVANCE MEMORY POINTER 

DECREMENT B AND GO TO ROTAT IF 

B IS NOT ZERO, OTHERWISE FALL THROUGH 



BCD DATA SHIFTING 

1 1 bytes are required for this operation. 

Figure 10.2 



^ ' — ■sm 



-^ 



-^ 
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1 1 bytes are required for this operation. 



D. Assume that one number is to be subtracted from another and (a) that they are both in packed 
BCD format; b) that they are of equal but varying length, and c) that the result is to be stored in a 
location of the minuend. The operation can be accomplished as follows: 



;ADDRESS OF MINUEND 

;ADDRESS OF SUBTRAHEND 

;LENGTH OF TWO ARGUMENTS 

;CLEAR CARRY FLAG 

;SUBTRAHEND TO ACC 

;SUBTRACT(HL) FROM ACC 

;ADJUST RESULT TO DECIMAL CODED VALUE 

;STORE RESULT 

;ADVANCE MEMORY POINTERS 



LD 


HL, ARG1 


LD 


DE,ARG2 


LD 


B, LENGTH 


AND 


A 


SUBDEC: LD 


A,(DE) 


SBC 


A, (HL) 


DAA 




LD 


(HL),A 


INC 


HL 


INC 


DE 


DJNZ 


SUBDEC— $ 



;DECREMENT B AND GO TO "SUBDEC" IF B 
;NOT ZERO, OTHERWISE FALL THROUGH 

1 7 bytes are required for this operation. 

10.4 EXAMPLES OF PROGRAMMING TASKS 

A. The following program sorts an array of numbers each in the range <0,255> into ascending 
order using a standard exchange sorting algorithm. 



01/22/76 11:14:37 BUBBLE LISTING 

LOG OBJ CODE STMT SOURCE STATEMENT 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 



*** STANDARD EXCHANGE (BUBBLE) SORT ROUTINE*** 

AT ENTRY: HL CONTAINS ADDRESS OF DATA 

C CONTAINS NUMBER OF ELEMENTS TO BE SORTED 
(1<C<256} 

AT EXIT: DATA SORTED IN ASCENDING ORDER 

USE OF REGISTERS 

REGISTER CONTENTS 



A 

B 

C 

D 

E 

H 

L 

IX 

lY 



TEMPORARY STORAGE FOR CALCULATIONS 

COUNTER FOR DATA ARRAY 

LENGTH OF DATA ARRAY 

FIRST ELEMENT IN COMPARISON 

SECOND ELEMENT IN COMPARISON 

FLAG TO INDICATE EXCHANGE 

UNUSED 

POINTER INTO DATA ARRAY 

UNUSED 
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01/22/76 11:14:37 



BUBBLE LISTING (Cont'd.) 



LOG 


OBJ CODE 


STMT SOURCE ST ATMENT 


0000 


222600 


23 


SORT: 


LD 


(DATA), HL 


0003 


C684 


24 


LOOP: 


RES 


FLAG, H 


0005 


41 


25 




LD 


B,C 


0006 


05 


26 




DEC 


B 


0007 


DD2A2600 


27 




LD 


IX, (DATA) 


0008 


DD7E00 


28 


NEXT: 


LD 


A,(IX+0) 


OOOE 


57 


29 




LD 


D,A 


OOOF 


DD5E01 


30 




LD 


E, (IX+1) 


0012 


93 


31 




SUB 


E 


0013 


3808 


32 




JR 


C, NOEX-$ 


0015 


DD7300 


33 




LD 


(iX), E 


0018 


DD7201 


34 




LD 


(IX+1), D 


001 B 


CBC4 


35 




SET 


FLAGH 


001D 


DD23 


36 


NOEX: 


INC 


IX 


001 F 


10EA 


37 




DJNZ 


NEXT-$ 


0021 


CB44 


39 




BIT 


FLAG, H 


0023 


20DE 


40 




JR 


NZ, LOOP-$ 


0025 


C9 


41 
42 




RET 




0026 




43 


FLAG: 


EQU 





0026 




44 
45 


DATA: 


DEFS 
END 


2 



;SAVE DATA ADDRESS 
;INITIALIZE EXCHANGE FLAG 
;INITIAUZE LENGTH COUNTER 
;ADJUST FOR TESTING 
;INITIALIZE ARRAY POINTER 
;FIRST ELEMENT IN COMPARISON 
;TEMPORARY STORAGE FOR ELEMENT 
;SECOND ELEMENT IN COMPARISON 
;COMPARISON FIRST TO SECOND 
;IFFIRST> SECOND, NO JUMP 
;EXCHANGE ARRAY ELEMENTS 

;RECORD EXCHANGE OCCURRED 
;POINT TO NEXT DATA ELEMENT 
,-COUNT NUMBER OF COMPARISONS 
;REPEAT IF MORE DATA PAIRS 
;DETERMINE IF EXCHANGE OCCURRED 
;CONTrNUE IF DATA UNSORTED 
,OTHERWISE, EXIT 

;DESIGNATION OF FLAG BIT 
;STORAGE FOR DATA ADDRESS 




B. The following program multiplies two unsigned 16-bit integers and leaves the result 
in the HL register pair, 

01/22/76 11:32:36 MULTIPLY LISTING 

LOC OBJ CODE STMT SOURCE STATEMENT 



0000 




1 






2 






3 






4 






5 






6 






7 






8 






9 






10 






11 






12 






13 






14 






15 






16 






17 


0000 


0610 


18 


0002 


4A 


19 


0003 


7B 


20 


0004 


EB 


21 


0005 


210000 


22 


0008 


CB39 


23 


OOOA 


IF 


24 



MULT:, 



MLOOP: 



UNSIGNED SIXTEEN BIT INTEGER MULTIPLY. 
ON ENTRANCE: MULTIPLIER IN HL. 

MULTIPLICAND IN DE. 

ON EXIT: RESULT IN HL. 

REGISTERS USES: 



H 
L 
D 
E 
B 
C 
A 

LD 

LD 

LD 

EX 

LD 

SRL 

RR 



HIGH ORDER PARTIAL RESULT 
LOW ORDER PARTIAL RESULT 
HIGH ORDER MULTIPLICAND 
LOW ORDER MULTIPLICAND 
COUNTER FOR NUMBER OF SHIFTS 
HIGH ORDER BITS OF MULTIPLIER 
LOW ORDER BITS OF MULTIPLIER 



B, 16; 

C,D; 

A,E; 

DE,HL; 

HL,0; 

C; 

A; 



OOOB 3001 



26 



JR NC, NOADD-$ 



NUMBER OF BITS--INITIALIZE 
MOVE MULTIPLIER 

MOVE MULTIPLICAND 
CLEAR PARTIAL RESULT 
SHIFT MULTIPLIER RIGHT 
LEAST SIGNIFICANT BIT IS 
IN CARRY. 
IF NO CARRY, SKIP THE ADD. 
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01/22/76 11:32:36 MULTIPLY LISTING (Cont'd.) 



LOG 


OBJ CODE 


STMT 


SOURCE STATMENT 


OOOO 


19 


27 


AOOHt/DE; 


OOOE 


EB 


29 


NOADD: EX DE,HL; 


OOOF 


29 


30 


ADDHL,HL; 


0010 


EB 


31 


EX DE,HL; 


0011 


10F5 


32 


DJNZ MLOOP-$ 


0013 


C9 


33 


RET; 






34 


END; 



ELSE ADD MULTIPLICAND TO 
PARTIAL RESULT. 
SHIFT MULTIPLICAND LEFT. 
BY MULTIPLYING IT BY TWO. 

REPEAT UNTIL NO MORE BITS. 
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11.0 ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias Specified Operating Range 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin with Respect to Ground .-0.3 V to -i-7V 

Power Dissipation 1 .5 W 

All ac parameters assume a load capacitance of 50 pF max. 



D.C. CHARACTERISTICS 

T^ = 0°C to 70°C, Vcc = 5 V ± 5% unless otherwise specified 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


TEST CONDITIONS 


V,LC 


Clock Input Low Voltage 


-0.3 




0.8 


V 




V,HC 


Clock Input High Voltage 


Vcc--6 




Vcc+-3 


V 




V,L 


Input Low Voltage 


-0.3 




0.8 


V 




V,H 


Input High Voltage 


2.0 




Vcc 


V 




Vol 


Output Low Voltage 






0.4 


V 


Iql = 1 .8 mA 


VOH 


Output High Voltage 


2.4 






V 


loH = -250/xA 


•cc 


Power Supply Current 






150* 


mA 




Ili 


Input Leakage Current 






±10 


uA 


V,N = OtoVcc 


'lo 


Tri-State Output Leakage 
Current in Float 






±10 


mA 


VouT = 0.4VtoVcc 




*200 mA for -4, -1 or -20 devices 

NOTE: All outputs are rated at one standard TTL load. 

CAPACITANCE 

Jp^ - 25°C, f = 1 MHz unmeasured pins returned to ground 



SYMBOL 


PARAMETER 


MAX 


UNIT 


C^ 


Clock Capacitance 


35 


pF 


^IN 


Input Capacitance 


5 


pF 


^OUT 


Output Capacitance 


10 


pF 



*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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MK3880, -4, -6, -10 Z80-CPU 

AC CHARACTERISTICS 

Ta = 0°C to 70°C; Vcc = +5 V ± 5%, Unless Otherwise Noted 



SIGNAL 


SYMBOL 


PARAMEIbR 


3880 


3880-4 


3880-6 


MIN 
(ns) 


MAX 
(ns) 


MIN 
(ns) 


MAX 

(ns) 


MIN 
(ns) 


MAX 
(ns) 


$ 


tc 

Vf 


Clock Period 

Clock Pulse Width, Clock High 
Clock Pulse Width, Clock Low 
Clock Rise and FallTime 


400 
180 
180 


[12] 
(D) 

2000 
30 


250 
110 
110 


[12] 
(D) 

2000 
30 


165 
65 
65 


[12] 
(D) 

2000 
20 


A).15 


tcKAD) 
^FIAD) 
*acm 
taci 

tea 
W 


Address Output Delay 
Delay to Float 


[1] 
[2] 

[3] 
[4] 


145 
110 


[13] 
[14] 

[15] 
[16] 


110 
90 


[24] 
[25] 

[26] 
[27] 


90 
80 


Address Stable Prior to MREQ (Memory Cycle) 
Address Stable Prior to lORQ, RD or WR 
(I/O Cycle) 


Address Stable From RD, WR, lORQ or MREQ 
Address Stable From RD or WR During Float 


Do.7 


tD{D) 

tS4><D) 

tsi(D) 

tdcm 
tdci 
W 
tH 


Data Output Delay 

Delay to Float During Write Cycle 

Data Setup Time to Rising Edge of Clock During 

Ml Cycle 
Data Setup Time to Falling Edge at Clock During 

M2toM5 
Data Stable Prior to WR (memory Cycle) 
Data Stable Prior to WR (I/O Cycle) 
Data Stable from WR 
Input Hold Time 


50 

60 

[5] 
[6] 
[7] 



230 
90 


35 

50 

[17] 

[18] 

[19] 




150 
90 


30 

40 

[28] 

[29] 

[30] 




130 
80 




tpLilMR) 

tDH$(MR) 

tDHi(MR) 

tw(MRL) 
tw(MRH) 


MREQ Delay From Falling Edge of Clock, 
MREQ Low 


20 

[8] 
[9] 


100 
100 
100 


20 

[20] 
[21] 


85 
85 
85 


20 

[20] 
[21] 


70 
70 
70 


MREQ Delay From Rising Edge of Clock, 
MREQ High 


MREQ 


MREQ Delay From Falling Edge of Clock, 
MREQ High 


Pulse Width, MREQ Low 
Pulse Width, MREQ High 


lORQ 


toL^IR) 

toiiiiR) 

tpH^^IR) 
tpH^IR) 


lORQ Delay From Rising Edge of Clock, 

lORQ Low 
lORQ Delay From Falling Edge of Clock, 

lORQ Low 
lORQ Delay From Rising Edge of Clock, 

lORQ High 
lORQ Delay From Falling Edge of Clock 

Clock, lORQ High 




90 
110 
100 
110 




75 
85 
85 
85 




65 
70 
70 
70 


RD 


tDL$(RD) 
*DLi(RD) 
tpH^RD) 
tDH$(BD) 


RD Delay From Rising Edge of Clock, RD Low 
RD Delay From Falling Edge of Clock, RD Low 
RD Delay From Rising Edge of Clock, RD High 
RD Delay From Falling Edge of Clock, RD High 


15 


100 
130 
100 
110 


15 


85 
95 
85 
85 


15 


70 
80 
70 
70 


WR 


tDL«I>(WR) 
tDL"i(WR) 
tDH$(WR) 
tw(WRL) 


WR Delay From Rising Edge of Clock, WR Low 
WR Delay From Falling Edge of Clock, WR Low 
WR Delay From Falling Edge of Clock, WR High 
Pulse Width, WR Low 


[10] 


80 
90 
100 


[22] 


65 
80 
80 


[22] 


60 
70 
70 



NOTES: 

A. Data should be enabled onto the CPU data bus when RD is active. During 
interrupt acknowledge data should be enabled when Ml and lORQare both 
active. 



B. The RESET signal must be active for a minimum of 3 clock cycles. 
[Cont'd on next page] 
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MK3880, -4, -6, -10 Z80-CPU 



SIGNAL 


SYMBOL 


PARAMETER 


3880 


3880-4 


3880-6 


MIN 
(ns) 


MAX 

(ns) 


MIN 
(ns) 


MAX 
(ns) 


MIN 
(ns) 


MAX 

(ns) 


Ml 


buMI) 
^DH(MI) 


M1 Delay From Rising Edge of Clock M1 Low 
Ml Delay From Rising Edge of Clock M1 High 




130 
130 




100 
100 




80 
80 


RFSH 


feURF) 
^DH(RF) 


RFSH Delay From Rising Edge of Clock, 
RFSH Low 




180 
150 




130 
120 




110 
100 


RFSH Delay From Rising Edge of Clock, 
RFSH High 


WAIT 


tS(WT) 


WAIT Setup Time to Falling Edge of Clock 


70 




70 




60 




HALT 


tcXHT) 


HALT Delay Time From Falling Edge of Clock 




300 




300 




260 


INT 


*s(IT) 


INT Setup Time to Rising Edge of Clock 


80 




80 




70 




NMI 


^NMI) 


Pulse Width, NMI Low 


80 




80 




70 




BUSRQ 


ts(BQ) 


BUSRQ Setup Time to Rising Edge of Clock 


80 




50 




50 




BUSAK 


bUBA) 
tDH(BA) 


BUSAK Delay From Rising Edge of Clock, 
BUSAK Low 




120 

lio 




100 
100 




90 
90 


BUSAK Delay From Falling Edge of Clock, 
BUSAK High 


RESET 


^s(RS) 


RESET Setup Time to Rising Edge of Clock 


90 




60 




60 






V(C) 


Delay to/from Float (MREQ, lORQ, RD and WR) 




100 




80 




70 




tmr 


Ml Stable Prior to lORQ (Interrupt Ack.) 


[11] 




[23] 




[31] 






[I] tACM = tw (* H) + tf - 75 
[2] taci = tc-80 

[3] tcA = tw(^L) + tr-40 

[4] tcaf = tw(*L) + tr-60 

[5] tdcm = tc-210 

[6] tdci = tw(^L) + tr-210 

f7] tcdf = tw(*L) + tr-80 

[8] tw(MRL) = tc-40 

[9] tw(MRH) = tw{^H) + tf-30 

[101 tw{WR) = tc-40 

[II] tmr = 2tc + tw(*H) + tf-80 
[12] tc = tw(^H) + tw(^L) + tr + tf 
[13] tacm = tw(^H) + tf-65 

[14] taci = tc-70 

[15] tca = tw(^L) + tr-50 

[16] tcaf = tw(*L) + tr-45 



[17] tcicm = tc-170 

[18] tdci = tw(*L) + tr-170 

[191 tcdf = tw(*L) + tr-70 

[20] tw (MRL) = tc - 30 

[21] tw(MRH) = tw(*H) + tf-20 

[22] tw(WR) = tc-30 

[23] tmr = 2tc + tw(*H) + tf-65 

[24] tACM = tw{$H) + tf-50 

[25] taci = tc-55 

[26] tcA = tw(*L) + tr-50 

[27] tcaf = tw{*L) + tr-45 

[28] tcicm=tc-140 

[29] tdci = tw{^L) + tr-140 

[30] tcdf = tw(*i-) + tr-55 

[31] tmr = 2tc + tw(4>H) + tf-50 



LOAD CIRCUIT FOR OUTPUT 
Figure 1 1 .0-1 



TEST POINT ^>R^=1.91Kn 



FROM OUTPUT 
UNDER TEST 




NOTES (Cont'd.) 

C. Output Delay vs. Load Capacitance 
Ta = 70°C Vcc = 5 V ± 5% 

Add 1 nsec delay for each 50 pF increase in load up to a maximum of 200 pF 
for the data bus and 100 pF for address and control lines. 

D. Although static by design, testing guarantees t^^ (4>) of 200 /zsec maximum. 
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Fa rel T 0-2 Timing measurements are made at the following voltages, unless otherwise specified: 



"V "O'- 
CLOCK Vcc--6 .8V 
OUTPUT 2.0 V .8V 
INPUT 2.0 V .8V 
FLOAT AV ±0.5 V 
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12.0 Z80 INSTRUCTION BREAKDOWN BY MACHINE CYCLE 

This section tabulates each Z80 instruction type and breaks each instruction down into its machine cycles 
and corresponding T States. The different standard machine cycles (OP Code Fetch, Memory Read, Port 
Read, etc.) are described in Section 4.0 of this manual. This chart will allow the system designer to predict 
what the Z80 will do on each clock cycle during the execution of a given instruction. The instruction types 
are listed together by functions and in the same order as the Tables in Section 7. 

The best way to learn how to use these tables is to look at a few examples. The first example is to register 
exchange instructions (LD r, s) where r,s can be any of the following CPU Registers: B,C,D,E,H,L, or A. The 
instruction breakdown table shows this instruction to have one machine cycle (M1) four T States long 
(number in parenthesis), which is an OP Code Fetch. Referring to Figure 4.0-1 , one sees the standard form 
for an OP Code Fetch and the state of the CPU bus during these four T-States. Taking the next instruction 
shown (LD r, n) which loads one of the previous registers with data or immediate value "n" one finds the 
breakdown to be a four T-State OP Code Fetch followed by a three T-State Operand Data Read. An Operand 
Data Read takes the form of the Standard Memory Read shown in Figure 4.0-2. 

After these two simple examples, a more complex one is in order. The LD r, (IX+d) is the first double byte OP 
Code shown and executes as follows: First there are two Ml cycles (and related memory refreshes) 
followed by an Operand Data Read of the displacement "d". Next M3 consists of a five T-State Internal 
Operation which is the calculation of the Indexed address (IX+d). The last machine cycle (M4) consists of a 
Memory Read of the data continued in address IX+d and the loading of register "r" with that data. 

The LD dd, (nn) instruction loads an internal 1 6-bit register pair with the contents of the memory location 
specified in the Operand Bytes of the instruction. This instruction is four bytes long (two bytes of OP Code + 
two bytes of Operand Address). As shown, there are two Ml cycles to fetch the OP code and then two 
Machine Cycles to read the Operand Addresses, low order byte first. Machine cycle 4 is a read of memory to 
obtain the data for the low order register (e.g., C of BC, E of DE, and L of HL) followed by a read of the data for 
the high order register. 

The first instruction to use the Stack Register is the PUSH qq instruction which executes as follows: 
Machine cycle 1 is extended by one cycle, and the Stack Pointer is decremented in the extra T-State to point 
to an empty location on the Stack. Machine cycle 2 is a write of the high byte of the referenced register to the 
address contained in the Stack Pointer. The Stack Pointer is again decremented and a write of the low byte 
of the referenced register is made to the Stack in Machine Cycle 3. Note that the Stack Pointer is left 
pointing to the last data referenced on the Stack. The block transfer instruction such as LDI and LDIR are 
very similar. LDI is 16 T-States long and is composed of a double byte OP Code Fetch (two memory 
refreshes) followed by a memory read and a memory write. The memory write is 6 T-States long to allow 
updating of the block length counter — BC. The repetitive form of this instruction (LDIR) hasan additional 
Machine Cycle (M4) of 5 T-States to allow decrementing of the Program Counter by two (PC-2) which 
results in refetching of the OP Code (LDIR). Each movement of data by this instruction is 21 T-States long 
(except the last) and the re fetching of the OP Codes results in memory refresh occurring as well as the 
sampling of interrupts and BUSRQ. 

The NMI Interrupt sequence is 1 1 T-States long with the first Ml being a dummy OP Code Fetch of 5 
T-States long. The Program Counter is not advanced, the OP Code on the data bus is ignored and an internal 
Restart is done to address 66 H. The following two Machine cycles are a write of the Program Counter to the 
Stack. 

The INT Mode is the 8080A mode and requires the user to place an instruction on the data busfor the CPU 
to execute. If a RST instruction is used, the CPU stacks the Program Counter and begins execution at the 
Restart Address. If a CALL instruction is used, the CALL Op Code is placed on the data bus during the INTA 
cycle(MI). M2and MSare normal Memory Read cycles (not INTA cycles) of the CALL addresses (low byte 
first). Program Counter is stacked in M4 and M5. 
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Mode 2 is used by the Z80 System Peripherals and operates as follows: During the INTA cycle (Ml ), a Vector 
is sent in from the highest priority interrupting device. M2and M3are used to Stack the Program Counter. 
The Vector (low byte) and an internal interrupt Register (l)form a pointer to atable containing the addresses 
of interrupt Service Routines. During M4 and M5, the Service Routines' address is read from this table into 
the CPU. The next Ml cycle will fetch an OP Code from the address received in M4 and M5. 
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LEGEND 

10 - Internal CPU Operation 

MR - Memory Read ODL 

MRH - Memory Read of High Byte PR 

MRL - Memory Read of Low Byte PW 

MW -Memory Write SRH 

MWH - Memory Write of High Byte SRL 

MWL - Memory Write of Low Byte SWH 

OCF - Op Code Fetch SWL 

ODH - Operand Data Read of High Byte ( ) 



Operand Data Read of Low Byte 

Port Read 

Port Write 

Stack Read of High Byte 

Stack Read of Low Byte 

Stack Write of High Byte 

Stack Write of Low Byte 

Number of T-States in that Machine Cycle 



Z80 INSTRUCTION BREAKDOWN BY MACHINE CODE 

MACHINE CYCLE 



INSTRUCTION 
TYPE 


BYTES 


M1 


M2 


MS 


M4 


M5 


LD r, s 


1 


OCF (4) 










LDr, n 


2 


OCF (4) 


0D(3) 








LD r, (HL) 
LD (HL), r 


1 


OCF (4) 
OCF (4) 


MR (3) 
MW(3) 








LD r, (IX+d) 
LD(IX+d),r 


3 


OCF (4)/0CF (4) 
OCF (4)/0CF (4) 


0D(3) 
0D(3) 


10(5) 
10(5) 


MR (3) 
MW(3) 




LD(HL), n 


2 


OCF (4) 


0D(3) 


MW(3) 






BC 
LDA, (DE) 


1 


OCF (4) 


MR (3) 








LD(BC,.A 

LD A, (nn) 
LD(nn),A 




OCF (4) 


MW(3) 








3 


OCF (4) 
OCF (4) 


ODL (3) 
ODL (3) 


ODH (3) 
ODH (3) 


MR (3) 
MW (3) 




LDA,^ 


2 


OCF (4)/OCF(5) 










LD^.A 














LD dd, nn 


3 


OCF (4) 


ODL (3) 


ODH (3) 






LDIX, nn 


4 


OCF (4)/0CF (4) 


ODL (3) 


ODH (3) 






LDHL, (nn) 
LD (nn), HL 


3 


OCF (4) 
OCF (4) 


ODL (3) 
ODL (3) 


ODH (3) 
ODH (3) 


MRL (3) 
MWL (3) 


MRH (3) 
MWH (3) 


LD dd, (nn) 
LD(nn),dd 
LD IX, (nn) 
LD (nn), IX 


4 


OCF (4)/0CF (4) 
OCF (4)/0CF (4) 
OCF (4)/0CF (4) 
OCF (4)/0CF (4) 


ODL (3) 
ODL (3) 
ODL (3) 
ODL (3) 


ODH (3) 
ODH (3) 
ODH (3) 
ODH (3) 


MRL (3) 
MWL (3) 
MRL (3) 
MWL (3) 


MRH (3) 
MWH (3) 
MRH (3) 
MWH (3) 


LDSP, HL 


1 


OCF (6) 










LD SP, IX 


2 


OCF (4)/0CF (6) 










PUSH qq 


1 


OCF (5) 

SP-1 


SWH (3) 
^ SP-1 


SWL (3) 






PUSH IX 


2 


OCF (4)/0CF (5) 
SP-1 


SWH (3) 

SP-1 


SWL (3) 






POPqq 


1 


OCF (4) 


SRH (3) 

SP+1 


SRL (3) 


SP+1 ^ 




POP IX 


2 


OCF (4)/0CF (4) 


SRH (3) 

SP+1 


SRL (3) 


SP+1 ^ 




EX DE, HL 


1 


OCF (4) 










EX AF, AF' 


1 


OCF (4) 
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MACHINE CYCLE 



INSTRUCTION 
TYPE 


BYTES 


IVI1 


M2 


MS 


M4 


M5 


EXX 


1 


OCF (4) 










EX (SP), HL 


1 


OCF (4) 


SRL(3) 

SP+1 


SRH (4) 


SWH (3) 

SP-1 


SWL(5) 


EX (SP), IX 


2 


OCF (4)/0CF (4) 


SRL(3) 

SP+1 


SRH (4) 


SWH (3) 

SP-1 


SWL(5) 


LDI 
LDD 
CPI 
CPD 


2 


OCF {4)/0CF (4) 


MR (3) 


MW(5) 






LDIR 
LDDR 
CPIR 
CPDR 


2 


OCF (4)/0CF (4) 


MR (3) 

■ 


MW (5) 


10 (5)* 

*only if BC ?t 




ALU A, r 
ADD ADC 
SUB SBC 
AND OR 
XORCP 


1 


OCF (4) 










ALUA,n 


2 


OCF (4) 


0D(3) 








ALUA, (HL) 


1 


OCF (4) 


MR (3) 








ALUA, (IX+d) 


3 


OCF (4)/0CF (4) 


OD (3) 


10 (5) 


MR (3) 




DEC 
INCr 


1 


OCF (4) 










DEC 
INC(HL) 


1 


OCF (4) 


MR (4) 


MW(3) 






DEC 

INC (IX+D) 


2 


OCF (4)/0CF (4) 


0D(3) 


10(5) 


MR (4) 


MW(3) 


DAA 

CPL 

CCF 

SCF 

NOP 

HALT 

Dl 

El 


1 


OCF (4) 










NEC 
IMO 
IMI 
IM2 


2 


OCF (4)/0CF (4) 
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MACHINE CYCLE 



INSTRUCTION 
TYPE 


BYTES 


Ml 


M2 


M3 


M4 


M5 


ADDHUss 


1 


OCF (4) 


10(4) 


10(3) 






ADCHL,ss 
SBCHL, ss 
ADD IX, pp 


2 


OCF (4)/0CF (4) 


10(4) 


10 (3) 






INCss 
DECss 


1 


OCF (6) 










DEC IX 
INC IX 


2 


OCF (4)/0CF (6) 










RLCA 
RLA^ 
RRCA 
RRA 


1 


OCF (4) 










RLCr 

RL 

RRC 

RR 

SLA 

SRA 

SRL 


2 


OCF (4)/0CF (4) 










RLC(HL) 

RL 

RRC 

RR 

SLA 

SRA 

SRL 


2 


OCF (4)/0CF (4) 


MR (4) 


MW(3) 






RLC{IX+ci) 

RL 

RRC 

RR 

SLA 

SRA 

SRL 


4 


OCF (4)/0CF (4) 


0D(3) 


10(5) 


MR (4) 


MW(3) 


RLD 
RRD 


2 


OCF (4)/0CF (4) 


MR (3) 


10 (4) 


MW (3) 




BITb, r 

SET 

RES 


2 


OCF (4)/0CF (4) 
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MACHINE CYCLE 



INSTRUCTION 


BYTES 


Ml 


M2 


M3 


M4 


M5 


TYPE 














BITb, (HL) 


2 


OCF (4)/0CF (4) 


MR (4) 








SET b, (HL) 


2 


OCF (4)/0CF (4) 


MR (4) 


MW{3) 






RES 














BIT b, (IX+cJ) 


4 


OCF (4)/0GF (4) 


0D(3) 


10 (5) 


MR (4) 




SETb, (IX+d) 


4 


OCF (4)/0CF (4) 


OD (3) 


10(5) 


MR (4) 


MW(3) 


RES 














JPnn 


3 


OCF (4) 


0DL(3) 


ODH (3) 






JP cc, nn 














JRe 


2 


OCF (4) 


0D(3) 


10(5) 






JRC,e 


2 


OCF (4) 


OD (3) 


10(5)* 






JRNC,e 








* If condition is met 




JRZ,e 














JRNZ, e 














JP (HL) 


1 


OCF (4) 










JP(IX) 


2 


OCF (4)/0CF (4) 










DJNZ, e 


2 


OCF (5) 


0D(3) 


10(5)* 

MfB;^0 






CALLnn 


3 


OCF (4) 


ODL (3) 


ODH (4) 


SWH (3) 


SWL (3) 


CALL cc, nn 








SP-1 


SP-1 




cc true 




—^ 




CALLcc, nn 


3 


OCF (4) 


ODL (3) 


ODH (3) 






cc false 














RET 


1 


OCF (4) 


SRL(3) 

SP+1 


SRH (3) 


SP+1 ^ 




RETcc 


1 


OCF (5) 


SRL(3)* 

*lfc 
SP+1 


SRH (3)* 
c is true 


SP+1 ^ 




RETI 


2 


OCF (4)/0CF (4) 


SRL<3) 


SRH (3) 






RETN 






SP+1 




SP+1 




RSTp 


1 


OCF (5) 
SP-1 


SWH (3) 
SP-1 


SWL (3) 
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MACHINE CYCLE 



INSTRUCTION 


BYTES 


Ml 


M2 


M3 


M4 


M5 


TYPE 














IN A, (n) 


2 


OOF (4) 


0D(3) 


PR (4) 






IN r, (c) 


2 


OOF (4)/0CF (4) 


PR (4) 








INI 


2 


OOF (4)/0CF (5) 


PR (4) 


MW(3) 






IND 














INIR 


2 


OCF (4)/0CF (5) 


PR (4) 


MW(3) 


10(5) 




INDR 














OUT (n) , A 


2 


OOF (4) 


0D(3) 


PW(4) 






OUT (C), r 


2 


OCF (4)/0CF (4) 


PW(4) 








OUTI 


2 


OCF (4)/0CF (5) 


MR (3) 


PW (4) 






OUTD 














OTIR 


2 


OCF (4)/0CF (5) 


MR (3) 


PW(4) 


10(5) 




OTDR 














INTERRUPTS 














NMI 


— 


OCF (5) * 


SWH (3) 


SWL (3) 


*0p Code Ignored 






SP-l 


SP-1 








INT 














MODEO 


_ 


INTA (6) 


0DL(3) 


ODH (4) 


SWH (3) 


SWL (3) 






(CALL INSERTED) 


SP-1 


^ SP-1 






INTA (6) 


SWH (3) 


SWL (3) 










(RST INSERTED) 














SP-1 


SP-1 
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13.0 ORDERING INFORMATION 



PART NO. 


PACKAGE TYPE 


MAX CLOCK 
FREQUENCY 


TEMPERATURE RANGE 


MK3880N Z80-CPU 


Plastic 


2.5 MHz 


0°to + 70°C 


MK3880PZ80-CPU 


Ceramic 


2.5 MHz 


MK3880N-4Z80-CPU 


Plastic 


4.0 MHz 


MK3880P-4Z80-CPU 


Ceramic 


4.0 MHz 


MK3880P-10Z80-CPU 


Ceramic 


2.5 MHz 


-40°C to +85°C 
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1.0 INTRODUCTION 

The Z80 Parallel I/O Circuit is a programmable, two port device which provides a TTL compatible interface 
between peripheral devices and the Z80-CPU. The CPU can configure the Z80-PIO to interface with a wide 
range of peripheral devices with no other external logic required. Typical peripheral devices that are fully 
compatible with the Z80-PIO include most keyboards, paper tape readers and punches, printers, PROM 
programmers, etc. The Z80-PIO utilizes N channel silicon gate depletion load technology and is packaged in 
a 40 pin DIP. Major features of the Z80-PIO include: 

• Two independent 8 bit bidirectional peripheral interface ports with 'handshake' data transfer 
control 

• Interrupt driven 'handshake' for fast response 

• Any one of four distinct modes of operation may be selected for a port including: 

Byte output 
Byte input 

Byte bidirectional bus (Available on Port A only) 
Bit control mode 
All interrupt controlled handshake 

• Daisy chain priority interrupt logic included to provide for automatic interrupt vectoring without 
external logic 

• Eight outputs are capable of driving Darlington transistors 

• All Inputs and outputs fully TTL compatible 

• Single 5 volt supply and single phase clock required 

One of the unique features of the Z80-PI0 that separates It from other interface controllers is that all data 
transfer between the peripheral device and the CPU is accomplished under total interrupt control. The 
interrupt logic of the PIO permits full usage of the efficient Interrupt capabilities of the Z80-CPU during I/O 
transfers. All logic necessary to implement a fully nested interrupt structure is included In the PIO so that 
additional circuits are not required. Another unique feature of the PIO is that it can be programmed to 
Interrupt the CPU on the occurrence of specified status conditions in the peripheral device. For example, the 
PIO can be programmed to interrupt if any specified peripheral alarm conditions occur. This interrupt 
capability reduces the amount of time that the processor must spend in polling peripheral status. 




111-93 



111-94 



2.0 PIO ARCHITECTURE 

A block diagram of theZ80-PIO is shown in figure 2.0-1 . The internal structure of theZ80-PIO consists of a 
Z80-CPU bus interface, internal control logic. Port A I/O logic. Port B I/O logic, and interrupt control logic. 
The CPU bus interface logic allows the PIO to interface directly to the ZSO-CPU with no other external logic. 
However, address decoders and/or line buffers may be required for large systems. The internal control 
logic synchronizes the CPU data bus to the peripheral device interfaces (Port A and Port B). The two I/O 
ports (A and B) are virtually identical and are used to interface directly to the peripheral devices. 



PIO BLOCK DIAGRAM 
Figure 2.0-1 



iii 



INTERNAL 
CONTROL 
LOGIC 



<h4^ 



CPU 
INTERFACE ^ 



PIO CONTROL 
, LINES 



CPU 
BUS 
I/O 



C 



H 



INTERNAL BUS 



1£ 



INTERRUPT 
CONTROL 



q / > DATA OR CONTROL 
0- 



> HANDSHAKE 



PORT 

B 

I/O 



^-^ >DATA OR CONTROL 



^ ^HANDSHAKE 




PERIPHERAL 



INTERRUPT CONTROL LINES 



The Port I/O logic is composed of 6 registers with "handshake" control logic as shown in figure 2.0-2. The 
registers include: an 8-bit data input register, an 8-bit data output register, a 2-bit mode control register, an 
8-bit mask register, an 8-bit input/output select register and a 2-bit mask control register. 



PORT I/O BLOCK DIAGRAM 
Figure 2.0-2 
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The 2-bit mode control register is loaded by the CPU to select the desired operating mode (byte output, byte 
input byte bidirectional bus, or bit control mode). All data transfer between the peripheral device and the 
CPU is achieved through the data input and data output registers. Data may be written into the output 
register by the CPU or read back to the CPU from the input register at any time. The handshake lines 
associated with each port are used to control the data transfer between the PIO and peripheral device. 

The 8-bit mask register and the 8-bit input/output select register are used only in the bit control mode. In 
this mode any of the 8 peripheral data control bus pins can be programmed to be an input or an output as 
specified by the select register. The mask register is used in this mode in conjunction with a special 
interrupt feature. This feature allows an interrupt to be generated when any or all of the unmasked pins 
reach a specified state (either high or low). The 2-bit mask control register specifies the active state desired 
(high or low) and whether the interrupt should be generated when all unmasked pins are active (AND 
condition) or when any unmasked pin is active (OR condition). This feature reduces the requirement for CPU 
status checking of the peripheral by allowing an interrupt to be automatically generated on specific 
peripheral status conditions. For example, in a system with 3 alarm conditions, an interrupt may be 
generated if any one alarm condition occurs or if all three occur. 

The interrupt control logic section handles all CPU interrupt protocol for nested priority interrupt structures. 
The priority of any device is determined by its physical location in a daisy chain configuration. Two lines are 
provided in each PIO to form this daisy chain. The device closest to the CPU has the highest priority. Within a 
PIO, Port A interrupts have higher priority than those of Port B. In the byte input, byte output, or bidirectional 
modes, an interrupt can be generated whenever a new byte transfer is requested by the peripheral. In the 
bit control mode an interrupt can be generated when the peripheral status matches a programmed value. 
The PIO provides for complete control of nested interrupts. That is, lower priority devices may not interrupt 
higher priority devices that have not had their interrupt service routine completed by the CPU. Higher 
priority devices may interrupt the servicing of lower priority devices. 

When an interrupt is accepted by the CPU in mode 2, the interrupting device must provide an 8-bit interrupt 
vector for the CPU. This vector is used to form a pointer to a location in the computer memory where the 
address of the interrupt service routine is located. The 8-bit vector from the interrupting device forms the 
least significant 8 bits of the indirect pointer while the I Register in the CPU provides the most significant 8 
bits of the pointer. Each port (A and B) has an independent interrupt vector. The least significant vector is 
automatically set to a within the PIO since the pointer must point to two adjacent memory locations for a 
complete 1 6-bit address. 

The PIO decodes the RETI (Return from interrupt) instruction directly from the CPU data bus so that each 
PIO in the system knows at all times whether it is being serviced by the CPU interrupt service routine 
without any other communication with the CPU. 
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3.0 PIN DESCRIPTION 

A diagram of the Z80-PIO pin configuration is shown in figure 3.0-1 . This section describes the function of 
each pin. 

D7-D0 Z80-CPU Data Bus (bidirectional, tristate) 

This bus is used to transfer ail data and commands between the Z80-CPU and the ZBO-PIO. 
Dq is the least significant bit of the bus. 

B/A"Sel Port B or A Select (input, active high) 

This pin defines which port will be accessed during a data transfer between the Z80-CPU 
and the Z80-PIO. A low level on this pin selects Port A while a high level selects Port B. 
Often Address bit Aq from the CPU will be used for this selection function. 

C/D Sel Control or Data Select (input, active high) 

This pin defines the type of data transfer to be performed between the CPU and the PIO. A 
high level on this pin during a CPU write to the PIO causes the Z80 data bus to be interpreted 
as a command for the port selected by the B/A Select line. A low level on this pin means 
that the Z80 data bus is being used to transfer data between the CPU and the PIO. Often 
Address bit A^ from the CPU will be used for this function. 

CE Chip Enable (input, active low) 

A low level on this pin enables the PIO to accept command or data inputs from the CPU 
during a write cycle or to transmit data to the CPU during a read cycle. This signal is 
generally a decode of four I/O port numbers that encompass port A and B, data and control. 

^ System Clock (Input) 

The ZBO-PIO uses the standard Z80 system clock to synchronize certain signals internally. 
This is a single phase clock. 

M1 Machine Cycle One Signal from CPU (input, active low) 

The signal from the CPU Is used as a sync pulse to control several internal PIO operations. 
When MT is active and the RD signal Is activ e, the Z 80-CPU is fetching an instruction from 
memory. Conversely, when Ml is active and lORQ is active, the CPU is acknowledging an 
interrupt. In addition, the M1 signal has two other functions within the ZBO-PIO. 

1 . Ml synchronizes the PIO interrupt logic. 




2. When Ml occurs without an active RD or lORQ signal, the PIO logic enters a reset 
state. 



lORQ Inp ut/Out put Request from ZBO-CPU (input, active low) 

The lORQ signal is used in conjuction with the B/A Select, C/D Select, CE, andRD sjgnals 
totransfer commands and data between the ZBO-CPU and the ZBO-PIO. When CE, RD and 
lORQ are active, the port addressed by B/A will transfer data to the CPU (a read operation). 
Conversely, when CE and lORQ are active but RD Is not active, then the port addressed by 
B/A will be written into from the CPU w ith either data or control information as specified by 
the C/D Select signal. Also if lORQ and Ml are active simultaneously, the CPU is 
acknowledging an interrupt and the interrupting port will automatically place its interrupt 
vector on the CPU data bus if it is the highest device requesting an interrupt. 

RD Read Cycle Status from the ZBO-CPU (input, active low) 

If RD is active a MEMORY READ or I/O READ operation is in progress. The RD signal is 
used with B/A Select, C/D Select, CE and lORQ signals to transfer data from the ZBO-PIO to 
the ZBO-CPU. 

lEI Interrupt Enable In (input, active high) 

This signal is used to form a priority interrupt daisy chain when more than one interrupt 
driven device is being used. A high level on this pin indicates that no other devices of higher 
priority are being serviced by a CPU interrupt service routine. 
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lEO Interrupt Enable Out (output, active high) 

The lEO signal is the other signal required to form a daisy chain priority scheme. It is high 
only if lEI is high and the CPU is not servicing an interrupt from this PIO. Thus this signal 
blocks lower priority devices from interrupting while a higher priority device is being 
serviced by its CPU service routine. 

INT Interrupt Request (output open drain, active low) 

When INT is active the Z80-PIO is requesting an interrupt from the Z80-CPU. 

A0-A7 Port A Bus (bidirectional, tristate) 

This 8 bit bus is used to transfer data and/or status or control information between Port A or 
the Z80-PI0 and a peripheral device. Aq is the least significant bit of the Port A data bus. 



A STB Port A Strobe Pulse from Peripheral Device (input, active low) 

The meaning of this signal depends on the mode of operation selected for Port A as follows: 

1) Output mode: The positive edge of this strobe is issued by the peripheral to 
acknowledge the receipt of data made available by the PIO. 

2) Input mode: The strobe is issued by the peripheral to load data from the peripheral 
into the Port A input register. Data is loaded into the PIO when this signal is active. 

3) Bidirectional mode: When this signal is active, data from the Port A output register 
is gated onto Port A bidirectional data bus. The positive edge of the strobe 
acknowledges the receipt of the data. 

4) Control mode: The strobe is inhibited internally. 

A RDY Register A Ready (output, active high) 

The meaning of this signal depends on the mode of operation selected for Port A as follows: 

1) Output mode: This signal goes active to indicate that the Port A output register has 
been loaded and the peripheral data bus is stable and ready for transfer to the 
peripheral device. 

2) Input mode: This signal is active when the Port A input register is empty and is 
ready to accept data from the peripheral device. 

3) Bidirectional mode: This signal is active when data is available in Port A output 
register for transfer to the perip heral device. In this mode data is not placed on the 
Port A data bus unless A STB is active. 

4) Control mode: This signal is disabled and forced to a low state. 

B0-B7 Port B Bus (bidirectional, tristate) 

This 8 bit bus is used to transfer data and/or status or control Information between Port B of 
the PIO and a peripheral device. The Port B data bus is capable of supplying 1 .5ma @ 1 .5 V 
to drive Darlington transistors. Bq is the least significant bit of the bus. 



B STB Port B Strobe Pulse from Peripheral Device (input, active low) 

The meaning of this signal Is similar to that of A STB with the following exception: 
In the Port A bidirectional mode^this signal strobes data from the peripheral device Into 
the Port A input register. 

B RDY Register B Ready (output, active high) 

The meaning of this signal is similar to that of A Ready with the following exception: 
In the Port A bidirectional mode this signal ishigh when the Port A input register is empty 
and ready to accept data from the peripheral device. 
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PIO PIN CONFIGURATION 
Figure 3.0-1 
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4.0 PROGRAMMING THE PIO 
4.1 RESET 



The Z80-PIO automatically enters a reset state when power is applied. The reset state performs the 
following functions: 

1 ) Both port mask registers are reset to inhibit all port data bits. 

2) Port data bus lines are set to a high impedance state and the Ready "handshake" signals are 
inactive (low). Mode 1 is automatically selected. 

3) The vector address registers are not reset. 

4) Both port interrupt enable flip flops are reset. 

5) Both port output registers are reset. 

In addition to the autom atic po wer on reset, the PIO ca n be reset by applying an M1 signal without 
the presence of a RD or lORQ signal. If no RD or IQRQ is detected during M1 the PIO will enter the 
reset state immediately after the M1 signal goes inactive. The purpose of this reset is to allow a 
single external gate to generate a reset without a power down sequence, this approach was 
required owing to the 40 pin packaging limitation. It is recommended that in breadboard systems 
with a "Reset" push button that Ml reset be implemented for the PIO. 




CPU RESET ■ 
CPU Ml 



7408 



T> 



PIO Ml 



A software RESET is possible as described in Section 4.4; however, use of this method during early 
system debug may not be desirable because of non-functional system hardware (bus buffers or 
memory for example). 

Once the PIO has entered the internal reset state it is held there until the PIO receives a control word 
from the CPU. 

4.2 LOADING THE INTERRUPT VECTOR 

The PIO has been designed to operate with the Z80-CPU using the mode 2 interrupt response. This 
mode requires that an interrupt vector be supplied by the interrupting device. This vector is used by 
the CPU to form the address for the interrupt service routine of that port. This vector is placed on the 
Z80 data bus during an interrupt acknowledge cycle by the highest priority device requesting service 
at that time. (Refer totheZSO-CPU Technical Manual for details on how an interrupt is serviced by 
the CPU). The desired Interrupt vector is loaded into the PIO by writing a control word to the desired 
port of the PIO with the following format: 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


V7 


V6 


V5 


V4 


V3 


V2 


VI 






- signifies this control word 
is an interrupt vector 



IIM01 



DO is used in this case as a flag bit which when low causes V7 through VI to be loaded into the 
vector register. At interrupt acknowledge time, the vector of the interrupting port will appear on the 
Z80 data bus exactly as shown in the format above. 

4.3 SELECTING AN OPERATING MODE 

Port A of the PIG may be operated in any of four distinct modes: Mode (output mode), Mode 1 (input 
mode). Mode 2 (bidirectional mode), and Mode 3 (control mode). Note that the mode numbers have 
been selected for mnemonic significance; i.e. = Out, 1 = In, 2 = Bidirectional. Port B can operate in 
any of these modes except Mode 2. 

The mode of operation must be established by writing a control word to the PIO in the following 
format: 



D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


Ml 


MO 


X 


X 


1 


1 


1 


1 



X=unused bit 



mode word 



signifies rhode word to be set 



Bits D7 and D6 form the binary code for the desired mode according to the following table: 



D7 



D6 



MODE 



d 



1 
1 





1 



1 



O(dutput) 

1 (input) 

2 (bidirectional) 

3 (control) 



Bits D5 and D4 are ignored. Bits D3-D0 must be set to 1 1 1 1 to indicate "Set Mode". 

Selecting Mode enables any data written to the port output register by the CPU to be enabled onto 
the port data bus. The contents of the output register may be changed at anytime by the GPU simply 
by writing a new data word to the port. Also the current contents of the output register maybe read 
back to the Z80-CPU at any time through the execution of an input instruction. 

With Mode active, a data write from the CPU causes the Ready handshake line of that port to go 
high to notify the peripheral that data is available. This signal remains high until a strobe is received 
from the peripheral. The rising edge of the strobe generates an interrupt (if it has been enabled) and 
causes the Ready line to go inactive. This very simple handshake is similar to that used in many 
peripheral devices. 

Selecting Mode 1 puts the port into the input mode. To start handshake operation, the CPU merely 
performs an input read operation from the port. This activates the Ready line to the peripheral to 
signify that data should be loaded into the empty input register. The peripheral device then strobes 
data into the port input register using the strobe line. Again, the rising edge of the strobe causes an 
interrupt request (if it has been enabled) and deactivates the Ready signal. Data may be strobed into 
the input register regardless of the state of the Ready signal if care is taken to prevent a data overrun 
condition. 

Mode 2 is a bidirectional data transfer mode which uses all four handshake lines. Therefore only 
Port A may be used for Mode 2 operation. Mode 2 operation uses the Port A handshake signals for 
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output control and the Port B handshake signals for input control. Thus, both A RDY and B RDY 
may be active simultaneously. The only operational difference between Mode and the output 
portio n of Mo de 2 is that data from the Port A output register is allowed on to the port data bus only 
when A STB is active in order to achieve a bidirectional capability. 

Mode 3 operation is intended for status and control applications and does not utilize the handshake 
signals. When Mode 3 is selected, the next control word sent to the PIO must define which of the 
port data bus lines are to be inputs and which are to be outputs. The format of the control word is 
shown below: 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


I/O7 


1/06 


10/5 


I/O4 


I/O3 


I/O2 


I/O1 


l/Oo 




if any bit is set to a one, then the corresponding data bus line will be used as an input. Conversely, if 
the bit is reset, the line will be used as an output. 

During Mode 3 operation the strobe signal is ignored and the Ready line is held low. Data may be 
written to a port or read from a port by the Z80-CPU at any time during Mode 3 operation, (An 
exception to this is when Port A is in Mode 2 and Port B is in Mode 3). When reading a port, the data 
returned to the CPU will be composed of input data from port data bus lines assigned as inputs plus 
output register data from those lines assigned as outputs. 

4.4 SETTING THE INTERRUPT CONTROL WORD 



The interrupt control word for each port has the following format: 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Enable 
Interrupt 


AND/ 
OR 


High/ 
Low 


Masks 
follows 





1 


1 


1 



-/ \- 



used in Mode 3 only signifies interrupt control word 



If bit D7 = 1 , the interrupt enable flip flop of the port is set and the port may generate an interrupt. 
If bit D7 = 0, the enable flag is reset and interrupts may not be generated. If an interrupt occurs while 
D7 = 0, then it will be latched internally by the PIO and passed onto the CPU when PIO Interrupts are 
Re-Enabled (D7 = 1 ). Bits D6, D5 and D4 are used mainly with Mode 3 operation; however, setting 
bit D4 of the interrupt control word during any mode of operation will cause a pending interrupt to be 
reset. These three bits are used to allow for interrupt operation in Mode 3 when any group of the I/O 
lines go to certain defined states. Bit D6 (AND/OR) defines the logical operation to be performed in 
port monitoring. If bit D6 = 1 , an AND function is specified and if D6 = 0, an OR function is specified. 
For example, if the AND function is specified, all bits must goto a specified state before an Interrupt 
will be generated while OR function will generate an interrupt if any specified bit goes to the active 
state. 

Bit D5 defines the active polarity of the port data bus line to be monitored. If bit D5 = 1 , the port data 
lines are monitored for a high state, while if D5 = 0, they will be monitored for a low state. 
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If bit D4 = 1 the next control word sent to the PIO must define a mask as follows: 



D7 


D6 


05 


D4 


D3 


D2 


D1 


DO 


MBy 


MJBe 


IVIB5 


MB4 


MB3 


MB2 


MBi 


MBo 



Only these port lines whose mask bit is zero will be monitored for generating an interrupt. 

The interrupt enable flip flop of a port may be set or reset without modifying the rest of the interrupt 
control word by using the following command: 



Int 
Enable 


X 


X 


X 








1 


1 



If an external Asynchronous interrupt Could occur while the processor is writing the disable word to 
the PIO {03H) then a system problem may occur. If interrupts are enabled in the processor, it is 
possible that the Asynchronous interrupt will occur while the processor 1^ writing the disable word 
to the PIO. The PIO will generate an INT and the CPU will acknowledge it; however, by this time, the 
PIO will have received the disable word and deactivated its interrupt structure. The result is that the 
PIO will not send in its interrupt vector during the interrupt acknowledge cycle because it is disabled 
and the CPU will fetch an erroneous vector resulting in a program fault. The cure for this problem is 
to disable interrupts within the CPU with the Dl instruction just before the PIO is disabled and then 
re-enable interrupts with the El instruction. This action causes the CPU to ignore any faulty 
interrupts produced by the PIO while it is being disabled. The code sequence would be: 



LD A,03H 

Dl 

OUT (PIO),A 

El 



; DISABLE CPU 
; DISABLE PIO 
; ENABLE CPU 
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5.0 TIMING 

5.1 OUTPUT MODE (MODE 0) 

Figure 5.0-1 a illustrates the timing associated with Mode operation. An output cycle is always 
started by the execution of an output instruction by the CPU. A WR* pulse is generated by the PIG 
during a CPU I/O write operation and is used to latch the data from the CPU data bus into addressed 
port's (A or B) output register. The rising edge of the WR* pulse then raises the READY line after the 
next falling edge of <E> to indicate that data is available for the peripheral device. In most systems, the 
rising edge of the READY signal can be used as a latching signal in t he periphe ral device. The READY 
signal will remain active until a positive edge is received from the STROBE line indicating that the 
peripheral has taken the data sh own in Figure 5.0-1 a. If already active, READY will be forced low 1 Vi 
4> cycles after the falling edge of lORQ if the port's outp ut reg ister is written into. READY will return 
high on the first falling edge of ^ after the rising edge of lORQ as shown in Figure 5.0-1 b. This action 
guarantees that READY is low while port data is changing and that a positive edge is generated on 
READY whenever an Output instruction is executed. 

MODE (OUTPUT) TIMING MODE (OUTPUT) TIMING ~~ ' 

Figure 5.0-1 a Figure 5.0-1 b 




PORT OUTPUT 




PORT OUTPUT 



(8 BITS) A / I. A <8 «'TS) 




STROBE "V, - 



INT 

i;;;^-RD.Hi.57B.l0RQ WR-RD-CE-C/D-IORQ 



By connecting READY to STROBE, a positive pulse with a d uration of one clock period can be created 
as shown in Figure 5.0-1 c. Th e positive edge of READY/STROBE will not generate an interrupt 
because the positive portion of STROBE is less than the width of Ml and as such will not generate 
an interrupt due to the internal logic configuration of the PIO. 

If the PIO is not in a reset status (i.e. a control mode has been selected), the output register may be 
loaded before Mode is selected. This allows port output lines to become active in a user defined 
state. For example, assume the outputs are desired to become active in a logic one state. The 
following would be the initialization sequence: 

a) PIO RESET 

b) Load Interrupt Vector 

c) Select Mode 1 (input) (automatic due to RESET) 

d) Write FF to Data Port 

e) Select Mode (Outputs go to "1 s") 

f) Enable Interrupt if desired 
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MODE (OUTPUT) TIMING - READY TIED TO STROBE 
Figure 5.0-1 c 
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WR*= RD • CE • C/D • lORQ 









5.2 INPUT MODE (MODE 1) 

Figure 5.0 -2 illustrates the tinning of an input cycle. The peripheral initiates this cycle using the 
STROBE line after the CPU has perform ed a data r ead. A low level on this line loads data into the port 
input register and the rising edge of the STROBE line activates the interrupt request line (INT) if the 
interrupt enable is set, and this is the highest priority requesting device. The next falling edge of the 
clock line (% will then reset the READY requesting line to an inactive state signifying that the Input 
register is full and further loading must be inhibited until the CPU reads the data. The CPU will, in the 
course of its interrupt service ro utine, read the data from the interrupting port. When this occurs, the 
positive edge from the CPU RD signal will raise the READY line with the next low going transition of 
$, indicating that new data can be loaded into the PIO. 

Since RESET causes READY to go low, a dummy Input instruction may be needed In some systems 
to cause READY to go high the first time in order to start "handshaking". 



MODE 1 (INPUT) TIMING 
Figure 5.0-2a 



MODE 1 (INPUT) TIMING (NO STROBE INPUT) 
Figure 5.0-2b 




RP* = RD • CE • C/D • lORQ 




BD* = RDCEC/D- lORQ 



MODE 1 (INPUT) TIMING (NO STROBE INPUT) 



If alre ady active, READY wiH be forced low one and one-half $ periods following the falling edge of 
lORQ during a read of a PIO port as shown in Figure 5.0-2b. If the user strobes data into the PIO only 
when READY Is high, the forced state of READY will prevent input register data f rom ch anging while 
the CPU is reading the PIO. READY will go high again after the rising edge ofthelORQ as previously 
described. 
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5.3 BIDIRECTIONAL MODE (MODE 2) 

This mode is merely a combination of Mode and Mode 1 using all four handshake lines. Since it 
requires all four lines, it is available only on Port A. When this mode is used on Port A, Port B must be 
set to the Bit Control Mode. The same Interrupt vector will be returned for a Mode 3 interrupt on Port 
B and an input transfer Interrupt during Mode 2 operation of Port A. Ambiguity is avoided if Port B is 
operated in a polled mode and the Port B mask register is set to inhibit all bits. Furthermore, 
interrupts from Port B (Mode 3) will not be generated when Port A is programmed for Mode 2, as 
BSTB would have to be active (low) in order to generate interrupts. (BTSB is normally high). 

Figure 5.0-3 illustrates the timing for this mode. It is almost identical to that previously described for 
Mode and Mode 1 with the Port A handshake lines used for output control and the Port B lines 
used for input control. The dif ference b etween the two modes is that in Mode 2, data is allowed out 
onto the bus only when the A STROBE is low. The rising edge of this strobe can be used to latch the 
data into the peripheral since the data will remain stable until after this edge. The input portion of 
Mode 2 operates identically to Mode 1 . Note that both Port A and Port B must have their interrupts 
enabled to acheive an interrupt driven bidirectional transfer. 




PORT A, MODE 2 (BIDIRECTIONAL) TIMING 
Figure 5.0-3 




PORTA 
DATA 



WR* 
RD* 



= Rp- CECTp- lORQ 
= RD • CE • C/D • lORQ 



The peripheral must not gat e onto a port data bus while A STB is active. Bus con tention is avoided if 
the peripheral uses B STB to gate input data onto the bus. The PIG uses the B STB low level to 
sample this data. The PIO has been designed with a zero hold time requirement for the data when 
latching in this mode so that this simple gating structure can be used by the peripheral . That is, the 
data can be displayed from the bus immediately af ter the strobe rising edge. Note that if A STB is low 
during a read operation of Port A ( in response to a BSTB interrupt) the data in the output register will 
be read by the CPU instead of the correct data in the data i nput re gister. The c orrect d ata is latched in 
the input register; it just cannot be read by the CPU while A ST B is low . If the A STB signal should go 
lowduringaCPU Read, it would be blocked from reaching the A STB input ofthe PIO while BRDY is 
low (the CPU read will occur while BRDY is low as the RD signal returns BRDY high). 
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5.4 BIT CONTROL MODE (MODE 3) 

The bit control mode does not utilize the handshake signals and a norma Iport write or port read can be 
executed at any time. When writing, the data will be latched into output registers with the same 
timing as Mode 0. A RDY will be forced low whenever Port A is operated in Mode 3. B RDY will be 
held low whenever Port B is operated in Mode 3 unless Port A is in Mode 2. In the latter case, the 
state of B RDY will not be affected. 

When reading the PIG, the data returned tothe CPU will be composed of output register data from 
those port data lines assigned as outputs and input register data from those port data lines assigned 
as inputs. The input register will contain data which was present immediately prior to the falling 
edge of RD. See Figure 5.0-4. 



MODE 3 TIMING 
Figure 5. 0-4a 
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*Timing Diagram Refers to Bit Mode Read 



4 DATA IN y 



DATA WORD 1 PLACED ON BUS 



An interrupt will be generated if interrupts from the port are enabled and if the data on the port data 
lines satisfies the logical equation defined by the 8-bit mask control registers. Another Interrupt will 
not be generated until a change occurs in the status of the logical equation. A Mode 3 interrupt will 
begeneratedonly if the result of a Mode 3 logical operation changes from false to true. For example, 
assume that the Mode 3 logical equation is an "OR" function. An unmasked port data line becomes 
active and an interrupt is requested. If a second unmasked port data line becomes active 
concurrently with the first, a new interrupt will not be requested since a change in the result of the 
Mode 3 logical operation has not occurred. Note that port pins defined as outputs can contribute to 
the logical equation if their bit positions are unmasked. 

If the result of a logical operation becomes true immediately prior to or during M1 , an interrupt will 
be requested after the trailing edge of Ml, provided the logical equation remains true after Ml 
returns high. 
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Figure 5.0-4b is an example of Mode 3 interrupts. The port has been placed in Mode 3 with OR logic 
selected and signals defined high. All but bits AO and A1 are masked out and are not monitored 
thereby creating a two input positive logic OR gate. In the timing diagram, AO is shown going high 
and cr eating an Interrupt (INT goes low) and the CPU responds with an Interrupt Acknowledge cycle 
(INTA). The PIO port with its interrupt pending sends in its Vector, and the CPU goes off into the 
Interrupt Service Routine. AO is shown going inactive either by itself or perhaps as a result of action 
taken in the Interrupt Service Routine (making the logical equation false). An arrow is shown at the 
point in time where the Service Routine issues the RETI instruction which clears the PIO interrupt 
structure. A1 is next shown going high, making the logical equation true and generating another 
Interrupt. Two important points need to be made from this example: 

1 ) A1 must not go high before AO goes low or else the logical equation will not go false 
-a requirement for A1 to be able to generate an interrupt. 



2) In order for A1 to generate an interrupt it must be high after the RETI issued by AO's 
Service Routine clears the PIO's Interrupt structure. In other words, if A 1 were a 
positive pulse that occurred after AO went low (to make the equation false) and went 
low before the RETI had cleared the Interrupt S tructu re, it would have been missed. 
The logic equation must become false after the INTA for AO's service and then must 
be true or go true after RETI clears the previous interrupt for another interrupt to 
occur. 




MODE 3 EXAMPLE 
Figure 5. 0-4b 
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6.0 INTERRUPT SERVICING 

So me time after an Interrupt is requested by the PIO, the CPU will send out an interrupt acknowledge (M1 
and lORQ). During this time the interrupt logic of the PIO will determine the highest priority port which is 
requesting an interrupt. (This is simply the device with its Interrupt Enable Output low). To insure that the 
daisy chain enable lines stabilize, devices are inhibited from changing their interrupt request status when 
M 1 Is active. The highest priority device places the contents of its interrupt vector register onto the Z80 data 
bus during interrupt acknowledge. 

Figure 6.0-1 illustrates the timing associated with interrupt requests. During Ml time, no new interrupt 
requests can be generated. This gives time for th e Inte rrupt Enable signals to ripple through up to four PIO 
circuits. The PIO with lEI high and lEO low during INTA will place the 8-bit interrupt vector of the appropriate 
port on the data bus at this time. 



If an interrupt requested by the PIO is acknowledged, the requesting port is 'under service'. lEO of this port 
will remain low until a return from interrupt instruction (RETI) is executed while lEI of the port is high. If an 
interrupt request is not acknowledged, lEO will be forced high for one M1 cycle after the PIO decodes the 
opcode 'ED'. This action guarantees that the two byte RETI instruction is decoded by the proper PIO port. 
See Figure 6.0-2. 

INTERRUPT ACKNOWLEDGE TIMING 
Figure 6.0-1 
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DAISY CHAIN INTERRUPT SERVICING 
Figure 6.0^3 
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1. PRIORITY INTERRUPT DAISY CHAIN BEFORE ANY INTERRUPT OCCURS. 
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2. PORT 2A REQUESTS AN INTERRUPT AND IS ACKNOWLEDGED. 



HI 



lEI lEO 



UNDER SERVICE SERVICE SUSPENDED 
HI 



IE! lEO 



LO 
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3. PORT IB INTERRUPTS, SUSPENDS SERVICING OF PORT 2A. 
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4. PORT IB SERVICE ROUTINE COMPLETE, "RETI" ISSUED, PORT 2A SERVICE RESUMED. 



Hi 



lEI lEO 



HI 



lEI lEO 



SER VICE COMPL ETE 
HI HI 



lEI lEO 



lEI lEO 



HI 



5. SECOND "RETI" INSTRUCTION ISSUED ON COMPLETION OF PORT 2A SERVICE ROUTINE. 



Figure 6.0-3 illustrates a typical nested interrupt sequence that could occur with four ports connected in the 
daisy chain. In this sequence Port 2A requests and is granted an interrupt. While this port is being serviced, 
a higher priority port (1 B) requests and is granted an interrupt. The service routine for the higher priority port 
is completed and RETI instruction is executed to indicate to the port that its routine is complete. Atthistime 
the service routine of the lower priority port is completed. 
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7.0 APPLICATIONS 

7.1 EXTENDING THE INTERRUPT DAISY CHAIN 

Without any external logic, a maximum of four Z80-PIO devices may be daisy chained into a priority 
interrupt structure. This limitation is required so that the interrupt enable sta tus (lE O) ripples 
through the entire chain between the beginning of MT, and the beginning of lORQ during an 
interrupt acknowledge cycle. Since the interrupt enable status cannot change during Ml, the vector 
address returned to the CPU is assured to be from the highest priority device which requested an 
interrupt. 

If more than four PIO devices must be accommodated, a "look-ahead" structure may be used as 
shown in Figure 7.0-1 . With this technique more than thirty PIO's may be chained together using 
standard TIL logic. 



A METHOD OF EXTENDING THE INTERRUPT DAISY CHAIN 
Figure 7.0-1 
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7.2 I/O DEVICE INTERFACE 

In this example, the Z80-PIO is connected to an I/O terminal device which communicates over an 
8-bit parallel bidirectional data bus as illustrated in Figure 7.0-2. Mode 2 operation (bidirectional) is 
selected by sending the following control word to Port A: 



EXAMPLE I/O INTERFACE 
Figure 7.0-2 
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MODE CONTROL 
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EXAMPLE I/O INTERFACE 
Figure 7.0-2 
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Next the proper interrupt vector is loaded (refer to CPU Manual for details on the operation of the 
interrupt). 



V7 


V6 


V5 


V4 


V3 


V2 


VI 






Interrupts are then enabled by the rising edge of the first M1 after the interrupt mode word is set 
unless that M 1 defines an interrupt acknowledge cycle. If a mask follows the interrupt mode word, 
interrupts are enabled by the rising edge of the first Ml following the setting of the mask. 

Data can now be transferrred between the peripheral and the CPU. The timing for this transfer is as 
described in Section 5.0 

7.3 CONTROL INTERFACE 

A typical control mode application is illustrated in Figure 7.0-3. Suppose an industrial process is to 
be monitored. The occurrence of any abnormal operating condition is to be reported to a Z80-CPU 
based control system. The process control and status word have the following format: 
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D7 


D6 


D5 
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Turn 
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Power 


Power 
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Process- 
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System 
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CONTROL MODE APPLICATION 
Figure 7.0-3 
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The PIO may be used as follows. First Port A is set for Mode 3 operation by writing the following 
control word to Port A. 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


1 


1 


X 


X 


1 


1 


1 


1 



Whenever Mode 3 is selected, the next control word sent to the port must be an I/O select word. In 
this example we wish to select port data lines A5, A3, and AO as inputs and sothe following control 
word is written: 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 








1 





1 








1 
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Next the desired interrupt vector must be loaded (refer to the CPU manual for details); 



D7 


D6 


D5 


D4 


03 


P2 


D1 


pp 


V7 


V6 


V5 


V4 


V3 


V2 


VI 


VO 



An interrupt control word is next sent to the port: 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


1 





1 


1 





1 


1 


1 



Enable OR Active Mask ^ 

Interrupts Logic High Follows 



Interrupt Control 



The mask word following the interrupt mode word is: 



D7 


D6 


D5 


D4 


D3 


02 


D1 


DO 


1 


1 





1 





1 


1 






Selects A5, A3 and AO to be monitored 



Now, if a sensor puts a high level on line A5, A3 or AO, an interrupt request will be generated. The 
mask word may select any combination of inputs or outputs to cause an interrupt. For example, if the 
mask word above had been: 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 





1 





1 





1 


1 






then ah interrupt request would also occur if bit A7 (special Test) of the output register was set. 
Assume that the following port assignments are to be used: 



EOh = Port A Data 
EIh = Port B Data 
E2h = Port A Control 
E3h - Port B Control 



All port numbers are in hexadecimal notation. This particular assignment of port numbers is 
convenient since Ag of the address bus can be used as the Port B/A Select and A^ of the address bus 
can be used as the Control/Data Select. The Chip Enable would be the decode of CPU address bits 
Ay through A2 (11 1000). Note that if only a few peripheral devices are being used, a Chip Enable 
decode may not be required since a higher order address bit could be used directly. 
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8.0 PROGRAMMING SUMMARY 

8.1 LOAD INTERRUPT VECTOR 



V7 


V6 


V5 


V4 


V3 


V2 


VI 






8.2 SET MODE 



Ml 


MO 


X 


X 


1 


1 


1 


1 



MODE NUMBER M* Mo MODE 




1 
2 
3 



Output 

1 Input 

1 Birdirectional 
1 1 Bit Control 



When selecting Mode 3, the next word to the PIG must set the I/O Register: 



I/07 


1/06 


I/O5 


I/O4 


I/O3 


I/O2 


I/O1 


l/Oo 



1/0= 1 Sets bit to Input 
I/O = Sets bit to Output 



8.3 SET INTERRUPT CONTROL 



Int 
Enable 


AND/ 
OR 


High/ 
Low 


Mask 
Follows 





1 


1 


1 



USED IN MODE 3 ONLY 
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If the "mask follows" bit is high, the next control word written to the PIO must be the mask: 



MB7 


MB6 


MB5 


MB4 


MB3 


IVIB2 


MB^ 


MBo 



MB = 0, Monitor bit 

MB - 1 , Mask bit from being monitored 



Also the interrupt enable flip flop of a port may be set or reset without modifying the rest of the 
interrupt control word by using the following command: 



Int 
Enable 


X 


X 


X 








1 


1 
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9.0 ELECTRICAL SPECIFICATIONS 

9.1 ABSOLUTE MAXIMUM RATINGS'" 

Temperature Under Bias Specified operating range 

Storage Temperature -65°3C to +150°C 

Voltage On Any Pin With -0.3 V to +7 V 

Respect to Ground 

Power Dissipation 0.6 W 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

Ail ac parameters assume a load capacitance of 1 00 pF max. Timing references between two output signals assume a load 
difference of 50 pF max. 



9.2 D.C. CHARACTERISTICS 

T^ = 0°C to 70°C, Vcc = 5 V ± 5% unless otherwise specified 




SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


TEST CONDITION 


V,LC 


Clock Input Low Voltage 


-0.3 


0.80 


V 




V,HC 


Clock Input High Voltage 


Vcc -6 


Vcc + 3 


V 




V,L 


Input Low Voltage 


-0.3 


0.8 


V 




V,H 


Input High Voltage 


2.0 


Vcc 


V 




v„. 


Output Low Voltage 




0.4 


V 


Iql = 2.0 mA 


VoH 


Output High Voltage 


2.4 




V 


Iqh = -250 mA 


'cc 


Power Supply Current 




70* 


mA 




'li 


Input Leakage Current 




±10 


mA 


V,N = OtoVcc 


'loh 


Tri-State Output Leakage Current in Float 




10 


mA 


VouT-2.4toVcc 


'lol 


Tri-State Output Leakage Current in Float 




-10 


/xA 


VouT = 0.4V 


'ld 


Data Bus Leakage Current in Input Mode 




±10 


mA 


0<V,N<Vcc 


'OHD 


Darlington Drive Current 


-1.5 




mA 


VoH = l-5V 
Port 8 Only 



*1 50 mA for -4, -1 0, and -20 devices. 

9.3 CAPACITANCE 

Ta = 25°a f = 1 MHz 



SYMBOL 


PARAMETER 


MAX 


UNIT 


TEST CONDITION 


c^ 


Clock Capacitance 


10 


pF 


Unmeasured Pins 
Returned to Ground 


C|N 


Input Capacitance 


5 


pF 


^OUT 


Output Capacitance 


10 


pF 
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9.4 A.C. CHARACTERISTICS MK3881 , MK3881 -1 0, MK3881 -20, Z80-PI0 

T^ = C'C to 70°C, Vcc = +5 V ± 5%, unless otherwise noted 



SIGNAL 


SYMBOL 


PARAMETER 


3881 


3881-4 


UNIT 


MIN 


MAX 


MIN 


MAX 


4> 


tw{4»H) 
tw(4»L) 
Vtf 


Clock Period 

Clock Pulse Width, Clock High 
Clock Pulse Width, Clock Low 
Clock Rise and Fall Times 


400 

170 
170 


[1] 

2000 

2000 

30 


250 

105 
105 


[1] 

2000 

2000 

30 


nsec 

nsec 
nsec 
nsec 




t^ 


Any Hold Time for Specified Set-Up Time 












nsec 


C/D SEL 
CEETC. 


ts^CS) 


Control Signal Set-up Time to Rising Edge of 
4> During Read or Write Cycle 


280 




145 




nsec 


D0-D7 


tDR(D) 
tS4.(D) 

toKD) 

tRD) 


Data Output Delay from Falling Edge of RD 

Data Set-up Time to Rising Edge of ^ During 

Write or MT Cycle 

Data Output Delay from Falling Edge of lORQ 

During INTA Cycle 

Delay to Floating Bus (Output Buffer Disable Time) 


50 


430 

340 
160 


50 


380 

250 
110 


nsec 
nsec 

nsec 

nsec 


lEI 


tS(IEI) 


lEI Set-Up Time to Falling Edge of lORQ During 
INTA cycle 


140 




140 




nsec 


lEO 


tpHdO) 
toMIO) 
tDM(IO) 


lEO Delay Time from Rising Edge of lEI 
lEO Delay Time from Falling Edge of lEI 

lEO Delay from Falling Edge of IVM (Interrupt 
Occurring Just Prior to MT) See Note A. 




210 
190 
300 




160 
130 
190 


nsec 
nsec 

nsec 


lORQ 


%<I»(IR) 


lORQ Set-Up Time to Rising Edge of <l> During 
Read or Write Cycle 


250 




115 




nsec 


Ml 


ts${M1) 


M1 Set-Up Time to Rising Edge of $ During 
INTA or Ml Cycle. See Note B. 


210 




90 




nsec 


RD 


ts^KRD) 


RD Set-Up Time to Rising Edge of ^ During 
Read or Ml Cycle 


240 




115 




nsec 


A0-A7 
Bo -By 


ts(PD) 
tDS(PD) 
tpiPD) 
toKPD) 


Port Data Set-Up Time to Rising Edge of 

STROBE (Model) 

Port Data Output Delay from Falling Edge of 

STROBE (Mode 2) 

Delay to Floating Port Data Bus from Rising 

Edge of STROBE (Mode 2) 

Port Data Stable from Rising Edge of lORQ 

During WR Cycle (Mode 0) 


260 


230 
200 
200 


230 


210 
180 
180 


nsec 
nsec 
nsec 
nsec 


ASTB 
BSTB 


tw(ST) 


Pulse Width, STROBE 


150 


[4] 


150 


[4] 


nsec 
nsec 


INT 


tD(IT) 
tcKiTS) 


INT Delay Time from Rising Edge of STROBE 
INT Delay Time from Data Match During 
Mode 3 Operation 




490 
420 




440 
380 


nsec 
nsec 


ARDY 
BRDY 


tpH (RY) 
^DL (RY) 


Ready Response Time from Rising Edge of lORQ 
Ready Response Time from Rising Edge of 
STROBE 




tc+ 
460 
tc+ 
400 




tc+ 
410 

tc+ 
360 


nsec 
nsec 
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A. 2.5 tc > (N-2)tDL{IO)+tDM(IO)+tS(IEI)+"n"L Buffer Delay, if any. 

B. M1 must be active for a minimum of 2 clock periods to reset the PIO. 
pj t = tW (4>H) ■*■ tw(*U + tr + tf 



[3] Increase Xq\ (q) by 1 nsec for each 50 pF increase in loading up to 200 pF 
max. 

[4] For Mode 2: tw (ST) > tS(PD) 



,_, , ^ .. -«. , ..«.«,.. . . ^. ««« r. [5] Increase these values by 2 nsec for each 10 pF increase in loading up to 

[21 Increase tDR(D) by 10 nsec for each 50 pFmcreasem loading up to 200 pF lOO F 

max. ^ ^ '^^^' 

OUTPUT LOAD CIRCUIT 
Figure 9.4-1 



FROM OUTPUT 
UNDER TEST 




CR1-CR4 IN914 OR EQUIVALENT 



Cl= 50pF on D0-D7 
Cl= 50pF on All Others 



9.5 TIMING DIAGRAM 



Timing measurements are made at the following voltages, unless otherwise specified: 
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100 ORDERING INFORMATION 



PART Npv 


DESIGNATOR 


PACKAGE TYPE 


MAX CLOCK FREOUENCY 


TEMPERATURE 
RANGE 


MK3881 N 


Z80-PIO 


Plastic 


2.5 MHz 


0° to 70°C 


MK3881P 


Z80-PIO 


Ceramic 


2.5 MHz 


MK3881N-4 


Z80A-PI0 


Plastic 


4.0 Mhz 


MK3881P-4 


Z80A-PI0 


Ceramic 


4.0 MHz 


MK3881P-10 


Z80-PI0 


Ceramic 


4.0 MHz 


-40° to H-85°C 
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1.0 rNTRODUCTION 

The Z80-Counter Timer Circuit (CTC) is a programmable component with four independent channels that 
provide counting and timing functions for microcomputer systems based on the Z80-CPU. The CPU can 
configure the CTC channels to operate under various modes and conditions as required to interface with a 
wide range of devices. In most applications, little or no external logic is required. The Z80-CTC utilizes 
N-channel silicon gate depletion load technology and is packaged in a 28-pin DIP. The Z80-CTC requires 
only a single 5 volt supply and a one-phase 5 volt clock. Major features of the Z80-CTC include: 

• All inputs and outputs fully TTL compatible. 

• Each channel may be selected to operate in either Counter Mode or Timer Mode. 

• Used in either mode, a CPU-readable Down Counter Indicates number of counts-to-go until zero. 

• A Time Constant Register can automatically reload the Down Counter at Count Zero in Counter and 
Timer Mode. 

• Selectable positive or negative trigger initiates time operation in Timer Mode. The same input is 
monitored for event counts In Counter Mode. 

• Three channels have Zero Count/Timeout outputs capable of driving Darlington transistors. 

• Interrupts may be programmed to occur on the zero count condition in any channel. 

• Daisy chain priority interrupt logic included to provide for automatic interrupt vectoring without external 
logic. 
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2.0 CTC ARCHITECTURE 



2.1 OVERVIEW 



A block diagram of the Z80-CTC is shown in Figure 2.0-1 . The internal instruction of the Z80-CTC 
consists of a Z80-CPU bus interface, Internal Control Logic, four sets of Counter/Timer Channel 
Logic, and interrupt Control Logic. The four independent counter/timer channels are identified by 
sequential numbers from to 3. The CTC has the capability of generating a unique interrupt vector 
for each separate channel (for automatic vectoring to an interrupt service routine). The 4 channels 
can be connected into four contiguous slots in the standard Z80 priority chain with channel number 
having the highest priority. The CPU bus interface logic allows the CTC device to interface directly 
to the CPU with no other external logic. However, port address decoders and/or line buffers may be 
required for large systems. 



Z80-CTC BLOCK DIAGRAM 
Figure 2.0-1 ^^^ ^^^ 
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2.2 STRUCTURE OF CHANNEL LOGIC 

Thestructureof one of the four sets of Counter/Timer Channel Logic is shown in Figure 2.0-2. This 
logic is composed of 2 registers, 2 counters and control logic. The registers are an 8-bit Time 
Constant Register and an 8-bit Channel Control Register. The counters are an 8-bit CPU-readable 
Down Counter and an 8-bit Prescaler. 



CHANNEL BLOCK DIAGRAM 
Figure 2.0-2 
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2.2.1 THE CHANNEL CONTROL REGISTER AND LOGIC 

The Channel Control Register (8-bit) and Logic is written to by the CPU to select the modes 
and parameters of the channel. Within the entire CTC device there are four such registers, 
corresponding to the four Counter/Timer Channels. Which of the four is being written to 
depends on the encoding of two channel select input pins: CSO and CS1 (usually attached 
to AO and A1 of the CPU address bus). This is illustrated in the truth table below: 





CS1 


CSO 


ChO 








Ghl 





1 


Ch2 


1 





Ch3 


1 


1 



In the control word written to program each Channel Control Register, bit is always set, 
and the other 7 bits are programmed to select alternatives on the channel's operating 
modes and parameters, as shown in the diagram below. (For a more complete discussion 
see section 4.0: "CTC Operating Modes" and section 5.0: "CTC Programming.") 



CHANNEL CONTROL REGISTER 
Figure 2.0-3 
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2.2.2 THEPRESCALER 

Used in the Timer Mode only, the Prescaler is an 8-bit device which can be programmed by 
the CPU via the Channel Control Register to divide its input, the System Clock (4>), by 1 6 or 
256. The output of the Prescaler is then fed as an input to clock the Down Counter, which 
initially, and every time it clocks down to zero, is reloaded automatically with the contents of 
the Time Constant Register. In effect this again divides the System Clock by an additional 
factor of the time constant. Every time the Down Counter counts down to zero, its output. 
Zero Count/Timeout (ZC/TO), is pulsed high. 

2.2.3 THE TIME CONSTANT REGISTER 



The Time Constant Register is an 8-bit register, used in both Counter Mode and Timer 
Mode, programmed by the CPU just after the Channel Control Word with an integer time 
constant value of 1 through 256. This register loads the programmed value into the Down 
Counter when the CTC is first initialized and reloads the same value into the Down Counter 
automatically whenever it counts down thereafter to zero. If a new time constant is loaded 
into the Time Constant Register while a channel is counting or timing, the present down 
count will be completed before the new time constant is loaded into the Down Counter. (For 
details of how a time constant is written to a CTC channel, see section 5.0: "CTC 
Programming.") 
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2.2.4 THE DOWN COUNTER 

The Down Counter is an 8-bit register used in both Counter Mode and Timer Mode loaded 
initially, and later when it counts down to zero, by the Time Constant Register. The Down 
Counter is decremented by each external clock edge in the Counter Mode, or in the Timer 
Mode, by the clock output of the Prescaler. At any time, by performing a simple I/O Read at 
the port address assigned to the selected CTC channel, the CPU can access the contents of 
this register and obtain the number of counts-to-zero. Any CTC channel may be 
programmed to generate an interrupt request sequence each time the zero count is 
reached. 



In channels 0, 1 , and 2, when the zero count condition is reached, a signal pulse appears at 
the corresponding ZC/TO pin. Owing to package pin limitations, however, channel 3 does 
not have this pin and so may be used only in applications where this output pulse is not 
required. 

2.3 INTERRUPT CONTROL LOGIC 

The Interrupt Control logic ensures that the CTC acts in accordance with Z80 system interrupt 
protocol for nested priority interrupting and return from interrupt. The priority of any system device is 
determined by its physical location in a daisy chain configuration. Two signal lines (lEI and lEO) are 
provided in CTC devices to form this system daisy chain. The device closest to the CPU has the 
highest priority; within the CTC, interrupt priority is predetermined by channel number, with 
channel having highest priority down to channel 3 which has the lowest priority. The purpose of a 
CTC-generated interrupt, as with any other peripheral device, is to force the CPU to execute an 
interrupt service routine. According to Z80 system interrupt protocol, lower priority devices or 
channels may not interrupt higher priority devices or channels that have already interrupted and 
have not had their interrupt service routines completed. However, high priority devices or channels 
may interrupt the servicing of lower priority devices or channels. 




A CTC channel may be prog rammed to request an interrupt every time its Down Counter reaches a 
count of zero. (To utilize this feature requires that the CPU be programmed for interrupt mode 2.) 
Some time after the interrupt request the CPU will send out an interrupt acknowledge, and the 
CTC's Interrupt Control Logic will determine the highest-priority channel which is requesting an 
interrupt within the CTC device. Then if the CTC's lEI Input is active, indicating that it has priority 
within the system daisy chain, it will place an 8-bit Interrupt Vector on the system data bus. The 
high-order 5 bits of this vector will have been written to the CTC earlier as part of the CTC initial 
programming process; the next two bits will be provided by the CTC's Interrupt Control Logic as a 
binary code corresponding to the highest-priority channel requesting an interrupt; finally the 
low-order bit of the vector will always be zero according to a convention described below. 



INTERRUPT VECTOR 
















Figure 2.0-4 


D7 


D6 


D5 


D4 


D3 


D2 


Di 


Do 






V7 


V6 


V5 


V4 


V3 


X 


X 



















1 




1 




::hannelo 

















1 ( 


CHANNEL 1 












1 


( 


[CHANNEL 2 












1 


1 ( 


CHANNELS 



This interrupt vector is used to form a pointer to a location in memory where the address of the 
interrupt service routine is stored in a table. The vector represents the least significant 8 bits, while 
the CPU reads the contents of the I register to provide the most significant 8-bits of the 1 6-bit pointer. 
The address in memory pointed to will contain the low-order byte, and the next highest address will 
contain the high-order byte of an address which in turn contains the first opcode of the interrupt 
service routine. Thus in mode 2, a single 8-bit vector stored in an interrupting CTC can result in an 
indirect call to any memory location. 
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Z80 16-BIT POINTER (INTERRUPT STARTING ADDRESS) 
Figure 2.0-5 
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2.3 INTERRUPT CONTROL LOGIC (Cont'd) 

There is a Z80 system convention that all addresses in the interrupt service routine table should 
have their low-order byte in an even location in memory, and their high-order byte in the next 
highest location in memory, which will always be odd so that the least significant bit of any interrupt 
vector will always be even. Hence the least significant bit of any interrupt vector will always be zero. 

The RET! instruction is us^d at the end of any interrupt service routine to initialize the daisy chain 
enable line lEO for proper control of nested priority interrupt handling. The GIG monitors the system 
data bus and decodes this instruction when it occurs. Thus the GTG channel control logic will know 
when the GPU has completed servicing an interrupt, without any further communication with the 
GPU being necessary. 
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3.0 CTC PIN DESCRIPTION 



A diagram of the Z80-CTC pin configuration is shown in Figure 3.0-1 . This section describes the function of 
each pin. 

D7 - DO 

Z80-CPU Data Bus (bi-directional, tri-state) 

This bus is used to transfer all data and command words between the Z80-CPU and the Z80-CTC. There are 
8 bits on this bus, of which DO is the least significant. 

CS1 - cso 

Channel Select (input, active high) 

These pins form a 2-bit binary address code for selecting one of the four independent CTC channels for an 
I/O Write or Read (See truth table below.) 






CS1 


cso 


ChO 








Chi 





1 


Ch2 


1 





Ch3 


1 


1 



CE 

Chip Enable (input, active low) 

A low level on this pin enables the CTC to accept control words. Interrupt Vectors, or time constant data 
words from the Z80 Data Bus during an I/O Write cycle, or to transmit the contents of the Down Counter to 
the CPU during an I/O Read cycle. In most applications this signal is decoded from the 8 least significant 
bits of the address bus for any of the four I/O port addresses that are mapped to the four Counter/Timer 
Channels. 

Clock (4>) 

System Clock (input) 

This single-phase clock is used by the CTC to synchronize certain signals internally. 

Ml 

Machine Cycle One Signal from CPU (input, active low) 

When M1 is active and the RD signal is active, the CPU is fetching an instruction from memory. When Ml is 
active and the lORQ signal is active, the CPU is acknowledging an interrupt, alerting the CTC to place an 
Interrupt Vector on the Z80 Data Bus if it has daisy chain priority and one of its channels has requested an 
interrupt. 



lORQ 

Input/Output Request from CPU (input, active low) 



The lORQ signal is used in conjunction with the CE and RD signals to transf er data and Channel Control 
Words between the Z80-CPU and the CTC. During a CTC Write Cycle, lORQ and CE must be true and RD 
false. The CTC does not receive a specific write signa l, instead generating its own internally from the 
inverse of a valid RD signal. In a CTC Read C ycle, lO RQ, CE and RD rnust be active to place the contents of 
the Down Counter on the Z80 Data Bus. If lORQ and Ml are both true, the CPU is acknowledging an 
interrupt request, and the highest-priority interrupting channel will place its Interrupt Vector on the Z80 
Data Bus. 
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3.0 CTC PIN DESCRIPTION (CONT'D) 

RD^„ .,, ,. ■ . , 

Read Cycle Status from the CPU (input, active low) 

The RD signal is used in conjunction with the lORQ and CE signals to transf er data and Channel Control 
Words between the Z80-CPU and the CTC. During a CTC Write Cycle, lORQ and CE must be true and RD 
false. The CTC does not receive a specific write signal, instead generating its own Internally from the 
inverse of a valid RD signal. In a CTC Read Cycle, FORQ, CE and RD must be active to place the contents of 
the Down Counter on the Z80 Data Bus. 

lEI 

Interrupt Enable In (input, active high) 

This signal is used to help form a system-wide interruptdaisychain which establishes priorities when more 
than one peripheral device in the system has interrupting capability. A high level on this pin indicates that 
no other interrupting devices of higher priority in the daisy chain are being serviced by the Z80-CPU. 

lEO 

Interrupt Enable Out (output, active high) 

The lEO signal, in conjunction with lEI, is used to form a system-wide interrupt priority daisy chain. lEO is 
high only if lEI is high and the CPU is not servicing an interrupt from any CTC channel. Thus this signal 
blocks lower priority devices from interrupting while a higher priority interrupting device is being serviced 
by the CPU. 

INT 

Interrupt Request (output, open drain, active low) 

This signal goes true when any CTC channel which has been programmed to enable interrupts has a 
zero-count condition in its Down Counter. 



RESET 

Reset (input active low) 

This signal stops all channels from counting and resets chann el inte rrupt enable bits in all control registers, 
thereby disabling CTC-generated interrupts. The ZC/TO and INT outputs go to their inactive states, lEO 
reflects lEI, and the CTC's data bus output drivers go to the high impedance state. 

CLK/TRG3-CLK/TRG0 

External Clock/Timer Trigger (input, user-selectable active high or low) 

There are CLK/TRG pins, corresponding to the four independent CTC channels. In the Counter Mode, every 
active edge on this pin decrements the Down Counter. In the Timer Mode, an active edge on this pin 
initiates the timing function. The user may select the active edge to be either rising or falling. 

ZC/TO2-ZC/TO0 

Zero Count/Timeout (output, active high) 

There are three ZC/TO pins, corresponding to CTC channels 2 through 0. (Due to package pin limitations 
channel 3 has noZC/TO pin.) In either Counter Mode orTimer Mode, when the Doyyn Counter decrements 
to zero, an active high going pulse appears at this pin. 
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Z80-CTC PIN CONFIGURATION 
Figure 3.0-1 
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4.0 CTC OPERATING MODES 

At power-on, the Z80-CTC state is undefined. Asserting RESET puts the CTC in a known state. Before any 
channel can begin counting or timing, a Channel Control Word and a time constant data word must be 
written to the appropriate registers of that channel. Further, if any channel has been programmed to enable 
interrupts, an Interrupt Vector word must be written to the CTC's Interrupt Control Logic. (For further 
details, refer to section 5.0: "CTC Programming.") When the CPU has written all of these words to the CTC, 
all active channels will be programmed for immediate operation in either the Counter Mode or the Timer 
Mode. 

4.1 CTC COUNTER MODE 



In this mode the CTC counts edges of the CLK/TRG input. The Counter Mode is programmed for a 
channel when its Channel Control Word is written with bit 6 set. The Channel's External Clock 
(CLK/TRG) input is monitored for a series of triggering edges; after each, in synchronization with the 
next rising edge of ^ (the System Clock), the Down Counter (which was initialized with the time 
constant data word at the start of any sequence of down-counting) is decremented. Although there 
is no set-up time requirement between the triggering edge of the External Clock and the rising edge 
of <l>, (Clock), the Down Counter will not be decremented until the following $ pulse. (See the 
parameter ts(CK) in section 8.3: "A.C. Characteristics.") A channel's External Clock input is pre- 
programmed by bit 4 of the Channel Control Word to trigger the decrementing sequence with either 
a high or a low going edge. 




In any of Channels 0, 1 , or 2, when the Down Counter is successively decremented from the original 
time constant until finally it reaches zero, the Zero Count (ZC/TO) output pin for that channel will be 
pulsed active (high). (However, due to package pin limitations, channel 3 does not have this pin and 
so may only be used in applications where this output pulse is not required.) Further, if the channel 
has been so pre-programmed by bit 7 of the Channel Control Word, an Interrupt request sequence 
will be generated. (For more details, see section 7.0: "CTC Interrupt Servicing.") 

As the above sequence is proceeding, the zero count condition also results in the automatic reload of 
the Down Counter with the original time constant data word in the Time Constant Register. There is 
no interruption In the sequence of continued down-counting. If the Time Constant Register is 
written to with a new time constant data word while the Down Counter is decrementing, the present 
count will be completed before the new time constant will be loaded into the Down Counter. 



CHANNEL- COUNTER MODE 
Figure 4.1-0 
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4.2 CTCTIMERMODE 

In this mode the CTC generates timing intervals that are an integer value of the system clock period. 
The Timer Mode is programmed for a channel when its Channel Control Word is written with bit 6 
reset. The channel then may be used to measure intervals of time based on the System Clock period. 
The System Clock is fed through two successive counters, the Prescaler and the Down Counter. 
Depending on the pre-programmed bit 5 in the Channel Control Word, the Prescaler divides the 
System Clock by a factor of either 1 6 or 256. The output of the Prescaler is then used as a clock to 
decrement the Down Counter, which may be pre-programmed with any time constant integer 
between 1 and 256. As in the Counter Mode, the time constant is automatically reloaded into the 
Down Counter at each zero-count condition, and counting continues. Also at zero-count, the 
channel's Time Out (ZC/TO) output (which is the output of the Down Counter) is pulsed, resulting in 
a uniform pulse train of precise period given by the product. 

tc*P*TC 

where tc is the System Clock period, P is the Prescaler factor of 16 or 256 and TC is the 
pre-programmed time constant. 

Bit 3 of the Channel Control Word is pre-programmed to select whether timing will be automatically 
initiated, or whether It will be initiated with a triggering edge at the channel's Time Trigger 
(CLK/TRG) input. If bit 3 is reset, the timer automatically begins operation at the start of the CPU 
cycle following the I/O Write machine cycle that loads the time constant data word to the channel. If 
bit 3 is set, the timer begins operation on the second succeeding rising edge of ^ after the Timer 
Trigger edge following the loading of the time constant data word. If no time constant data word is to 
follow, then the timer begins operation on the second succeeding rising edge of $ after the Timer 
Trigger edge following the control word write cycle. Bit 4 of the Channel Control Word is pre- 
programmed to select whether the Timer Trigger will be sensitive to a rising or falling edge. 
However, there is no set-up requirement between the active edge of the Timer Trigger and the next 
rising edge of <l>. If the Timer Trigger edge occurs closer than a specified minimum set-up time to the 
rising edge of <I>, the Down Counter will not begin decrementing until the following rising edge of ^. 
(See parameter ts(TR) in section 8.3: "A.C. Characteristics".) 

If bit 7 in the Channel Control Word is set, the zero-count condition in the Down Counter, besides 
causing a pulse at the channel's Time Out pin, will be used to initiate an interrupt request sequence, 
(For more details, see section 7.0: "CTC Interrupt Servicing.") 

CHANNEL - TIMER MODE " '^ 

Figure 4.2-0 
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5.0 CTC PROGRAMMING 

Before a Z80-CTC channel can begin counting or tinning operations, a Channel Control Word and a Time 
Constant data word must be written to it by the CPU. These words will be stored in the Channel Control 
Register and the Time Constant Register of that channel. In addition/if any of the four channels have been 
programmed with bit 7 of their Channel Control Words to enable interrupts, an Interrupt Vector must be 
written to the appropriate register in the CTC. Due to automatic features in the Interrupt Control Logic, one 
pre-programmed Interrupt Vector suffices for all four channels. 

5.1 LOADING THE CHANNEL CONTROL REGISTER 

To load a Channel Control Word, the CPU performs a normal I/O Write sequence to the port address 
corresponding to the desired CTC channel. Two CTC input pins, namely CSO and CS1 , are used to 
form a 2-bit binary address to select one of four channels within the device. (For a truth table, see 
section 2.2.1 : 'The Channel Control Register and Logic".) In many system architectures, these two 
input pins are connected to Address Bus lines AO and A1 , respectively, so that the four channels in a 
CTC device will occupy contiguous I/O port addresses. A word written to a CTC channel will be 
interpreted as a Channel Control Word, and when loaded into the Channel Control Register, its bit 
is a logic 1 . The other seven bits of this word select operating modes and conditions as indicated in 
the diagram below. Following the diagram, the meaning of each bit will be discussed in detail. 

CHANNEL BLOCK DIAGRAM 
Figure 5.1-0 
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5.1 LOADING THE CHANNEL CONTROL REGISTER (CONT'D) 

Bit7=1 

The channel is enabled to generate an interrupt request sequence every time the Down Counter 
reaches a zero-count condition. To set this bit to 1 In any of the four Channel Control Registers 
necessitates that an Interrupt Vector also be written to the CTC before operation begins. Channel 
interrupts may be programmed in either Counter Mode or Timer Mode. If an updated Channel 
Control Word is written to a channel already in operation, with bit 7 set, the interrupt enable 
selection will not be retroactive to a preceding zero-count condition. 

Bit7 = 

Channel interrupts disabled. Any pending Interrupt by that channel will be cleared. 

Bit6==1 

Counter Mode selected. The Down Counter is decremented by each triggering edge of the External 
Clock (CLK/TRG) input. The Prescaler is not used. 

Bit 6 = 

Timer Mode selected. The Prescaler is clocked by the System Clock ^, and the output of the 
Prescaler in turn clocks the Down Counter. The output of the Down Counter (the channel's ZC/TO 
output) is a uniform pulse train of period given by the product. \ 

tc*P*TC 

where t^. is the period of System Clock ^, P is the Prescaler factor of 1 6 or 256, and TC is the time 
constant data word. 

Bit 6 = 1 

(Defined for Timer Mode only.) Prescaler factor Is 256. 

Bit 5 = 

(Defined for Timer Mode only.) Prescaler factor is 1 6. 
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USED IN TIMER 
MODE ONLY 



Bit4=1 

TIMER MODE - positive edge trigger starts timer operation. 
COUNTER MODE - positive edge decrements the down counter. 

Bit4 = 

TIMER MODE - negative edge trigger starts timer operation. 
COUNTER MODE - negative edge decrements the down counter. 



111-140 



5.1 LOADING THE CHANNEL CONTROL REGISTER (CONT'D) 

Bit 3=1 

Timer Mode Only - External trigger is valid for starting timer operation after rising edge of T2 of the 
machine cycle following the one that loads the time constant. The Prescaler is decremented 2 clock 
cycles later if the setup time is met, otherwise 3 clock cycles. Once timer has been started it will free 
run at the rate determined by the Time Constant register. 

Bit 3 = 

Timer Mode Only - Timer begins operation on the rising edge of T2 of the machine cycle following the 
one that loads the time constant. 

Bit 2 = 1 

The time constant data word for the Time Constant Register will be the next word written to this 
channel. If an updated Channel Control Word and time constant data word are written to a channel 
while it is already in operation, the Down Counter will continue decrementing to zero before the new 
time constant is loaded into it. 

Bit2-0 

No time constant data word for the Time Constant Register should be expected to follow. To program 
bit 2 to this state implies that this Channel Control Word is intended to update the status of a channel 
already in operation, since a channel will not operate without a correctly programmed data word in 
the Time Constant Register, and a set bit 2 in this Channel Control Word provides the only way of 
writing to the Time Constant Register. 

Bit 1 = 1 

Reset channel. Channel stops counting or timing. This is not a stored condition. Upon writing into 
this bit a reset pulse discontinues current channel operation; however, none of the bits in the 
channel control register are changed. If both bit 2 = 1 and bit 1 =1 the channel will resume operation 
upon loading a time constant. 

Bit 1 = 

Channel continues current operation. 

5.2 DISABLING THE CTC'S INTERRUPT STRUCTURE 

If an external Asynchronous interrupt should occur while the processor is writing the disable word 
to the CTC (01 H), a system problem may occur. If interrupts are enabled In the processor it is possible 
that the Asynchronous interrupt will occur while the processor is writing the disable word to the 
CTC. The CTC will generate an INT and the CPU will acknowledge it; however, by this time, the CTC 
will have received the disable word and de-activated its interrupt structure. The result is that the CTC 
will not send in its interrupt vector during the interrupt acknowledge cycle because it is disabled and 
the CPU will fetch an erroneous vector resulting In a program fault. The cure for this problem is to 
disable interrupts within the CPU with the Dl instruction just before the CTC is disabled and then 
re-enable interrupts with the El instruction. This action causes the CPU to ignore any interrupts 
produced by the CTC while it is being disabled. The code sequence would be: 




LDA,01H 




Dl 


; DISABLE CPU 


OUT(CTC),A 


; DISABLE CTC 


El 


; ENABLE CPU 
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5.3 LOADING THE TIME CONSTANT REGISTER 



A channel may not begin operation in either Timer Mode or Counter Mode unless a time constant 
data word is written into the Time Constant Register by the CPU. This data word will be expected on 
the next I/O Write to thischannel following the I/O Write of the Channel Control Word, provided 
that bit 2 of the Channel Control Word is set. The time constant data word may be an integer value 
in the range 1-256. If all eight bits in this word are zero, it is interpreted as 256. If a time constant 
data word is loaded to a channel already in operation, the Down Counter will continue decrementing 
to zero before the new time constant is loaded from the Time Constant Register to the Down 
Counter. 



TIME CONSTANT REGISTER 

Dy D6 



D5 



D4 



D3 



02 



Di 



Do 



TC7 


TC6 


TC5 


TC4 


TC3 


TC2 


TCi 


TCo 



MSB 



LSB 



CHANNEL BLOCK DIAGRAM 
Figure 5.3-0 
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DOWN 
COUNTER 
(8 BITS) 
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5.4 LOADING THE INTERRUPT VECTOR REGISTER 



The Z80-CTC has been designed to operate with the Z80-CPU programmed for mode 2 Interrupt 
response. Under the requirements of this mode, when a CTC channel requests an interrupt and is 
acknowledged, a 1 6-bit pointer must be formed to obtain a corresponding interrupt service routine 
starting address from a table in memory. The upper 8 bits of this pointer are provided by the CPU's I 
register, and the lower 8 bits of the pointer are provided by the CTC in the form of an Interrupt Vector 
unique to the particular channel that requested the interrupt. (For further details, see section 7.0: 
"CTC Interrupt Servicing".) 

MODE 2 INTERRUPT OPERATION 
Figure 5.4-0 
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TABLE 



LOW ORDER 



HIGH ORDER 
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i REG 
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7 BITS FROM 
PERIPHERAL 
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5.4 LOADING THE INTERRUPT VECTOR REGISTER (CONT'D) 

The high order 5 bits of this Interrupt Vector must be written to the CTC in advance as part of the 
initial programming sequence. To do so, the CPU must write to the I/O port address corresponding 
to the CTC channel 0, just as it would if a Channel Control Word were being written to that channel, 
except that bit of the word being written must contain a 0. (As explained above in section 5.1 , if bit 
of a word written to a channel were set to 1 , the word would be interpreted as a Channel Control 
Word, so a in bit signals the CTC to load the incoming word into the Interrupt Vector Register.) 
Bits 1 and 2, however are not used when loading this vector. At the time when the interrupting 
channel must place the Interrupt Vector on the Z80 Data Bus, the Interrupt Control Logic of the CTC 
automaticallysuppliesabinarycodeinbitsi and 2 identifying which of the four CTC channels is to 
be serviced. 



INTERRUPT VECTOR REGISTER 
Figure 5.4-1 
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6.0 CTC TIMING 

This section illustrates the timing relationships of the relevant CTC pins for the following types of operation: 
writing a word to the CTC, reading a word from the CTC, counting, and timing. Elsewhere in this manual 
may be found timing diagrams relating to interrupt servicing (section 7.0) and an A.C. Timing Diagram 
which quantitatively specifies the timing relationships (section 8.4). 

6.1 CTC WRITE CYCLE 



Figure 6.1 -0 illustrates the timing associated with the CTC Write Cycle. This sequence is applicable 
to loading either a Channel Control Word, an Interrupt Vector, or a time constant data word. 

In the sequence shown, during clock cycle T^ , the Z80-CPU prepares for the Write Cycle with a false 
(high) signal at CTC input pin RD (Read). Since the CTC has no separate Write signal input, it 
generates its own internally from the false RD input. Later, d uring c lock cycle T2, the Z80-CPU 
initiates the Write Cycle with true (low) signals at CTC input pins lORQ (I/O Request) and CE ( Chip 
Enable). (Note: M1 must be false to distinguish the cycle from an interrupt acknowledge.) Also at this 
time a 2-bit binary code appears at CTC inputs, CS1 and CSO (Channel Select 1 and 0), specifying 
which of the four CTC channels is being written to, and the word being written appears on the Z80 
Data Bus. Now everything is ready for the word to be latched into the appropriate CTC internal 
register in synchronization with the rising edge beginning clock cycle T3. No additional wait states 
are allowed. 

CTC WRITE CYCLE 
Figure 6.1-0 




Tl 



T2 



Tw* 



T3 



Tl 



<J> 



CSo-1,CE 



X 



CHANNEL ADDRESS 



X 



lORQ 



\ 



/ 



RD 



Ml "V 



DATA 



X 



IN 



X 



* Automatically inserted byZ80-CPU 



6.2 CTC READ CYCLE 

Figure 6.2-0 illustrates the timing associated with the CTC Read Cycle. This sequence is used any 
time the CPU reads the current contents of the Down Counter. During clock cycle I2, the Z80-CPU 
initiates the Read Cycle with the true signals at input pins RD (Read), lORQ (I/O Request), and CE 
(Chip Enable). Also at this time a 2-blt binary code appears at CTC inputs, CS1 and CSO (Channel 
Select 1 and 0), specifying which of the four CTC channels is being read from. (Note: M1 must be 
false to distinguish the cycle from an interrupt acknowledge.) On the rising edge of the cycle T3 the 
valid contents of the Down Counter as of the rising edge of cycle T2 will be available on the Z80 Data 
Bus. No additional wait states are allowed. 
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CTC READ CYCLE 
Figure 6.2-0 
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6.3 CTC COUNTING AND TIMING 

Figure 6.3-0 illustrates the timing diagram for the CTC Counting and Timing Modes. 



CTC COUNTING AND TIMING 
Figure 6.3-0 
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6.3 CTC COUNTING AND TIMING (CONT'D) 

In the Counter Mode, the edge (rising edge is active in this example) from the external hardware 
connected to pin CLK/TRG decrements the Down Counter in synchronization with the System 
Clock $. As specified in the A.C Characteristics (Sections 8.3 and 8.5), this CLK/TRG pulse must 
have a minimum width and the minimum period must not be less than twice the system clock 
period. Although there is no set-up requirement between the active edge of the CLK/TRG and the 
rising edge of ^, if the CLK/TRG edge occurs closer than a specified mininum time, the decrement 
of the Down Counter will be delayed one cycle of $. Immediately after the decrement of the Down 
Counter, 1 to 0, the ZC/TO output is pulsed true. 

In the Timer Mode, a pulse trigger (user-selectable as either active high or active low) at the 
CLK/TRG pin enables timing function on the second succeeding rising edge of $. As in the Counter 
Mode, the triggering pulse is detected asynchronously and must have a minimum width. The timing 
function is initiated in synchronization with ^, and a minimum set-up time is required between the 
active edge of the CLK/TRG and the next rising edge of ^. If the CLK/TRG edge occurs closer than 
this, the initiation of the timer function will be delayed one cycle of ^. 
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7.0 CTC INTERRUPT SERVICING 

Each CTC channel may be individually programmed to request an interrupt every time its Down Counter 
reaches a count of zero. The purpose of a CTC-generated interrupt, as for any other peripheral device, is to 
force the CPU to execute an Interrupt service routine. To utilize this feature the Z80-CPU must be 
programmed for mode 2 Interrupt response. Under the requirements of this mode, when a CTC channel 
requests an interrupt and is acknowledged, a 16-bit pointer must be formed to obtain a corresponding 
interrupt service routine starting address from a table in memory. The lower 8 bits of the pointer are 
provided by the CTC in the form of an Interrupt Vector unique to the particular channel that requested the 
interrupt. (For further details, refer to Chapter 8.0 of the Z80-CPU Technical Manual.) 

The CTC's Interrupt Control Logic ensures that it acts in accordance with Z80 system interrupt protocol for 
nested priority interrupt and proper return from interrupt. The priority of any system device is determined by 
its physical location in a daisy chain configuration. Two signal lines (lEI and lEO) are provided in the CTC and 
all Z80 peripheral devices to form a system daisy chain. The device closest to the CPU has the highest 
priority; within the CTC, interrupt priority is predetermined by channel number, with channel having 
highest priority. According to Z80 system interrupt protocol, low priority devices or channels may not 
interrupt higher priority devices or channels that have already interrupted and not had their interrupt 
service routines completed. However, high priority devices or channels may interrupt the servicing of lower 
priority devices or channels. (For further details, see section 2.3: "Interrupt Control Logic".) 



Sections 7.1 and 7.2 below describe the nominal timing relationships of the relevant CTC pins for the 
Interrupt Acknowledge Cycle and the Return from Interrupt Cycle. Section 7.3 below discusses a typical 
example of daisy chain interrupt servicing. 

7.1 INTERRUPT ACKNOWLEDGE CYCLE 

Figure 7.1 -0 illustrates the timing associated with the Interrupt Acknowledge Cycle. Some time after 
an int errupt is requested by the CTC, the CPU will send out an interrupt acknowledge (Ml and 
lORQ). To ensure that the daisy chain_enable lines stablize, channels are inhibited from changing 
their interrupt request status when Ml is active. Ml is active about two clock cycles earlier than 
IORQ,and RD is false to distinguish the cycle from an instruction fetch. During this time the interrupt 
logic of the CTC will determine the highest priority interrupting channel within the CTC and then will 
place its Interrupt Vector onto the Data Bus when lORQ goes active. Two wait states (T^*) are 
automatically inserted at this time to allow the daisy chain to stabilize. Additional wait states may be 
added. 



INTERRUPT ACKNC 
Figure 7.1-0 
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7.2 RETURN FROM INTERRUPT CYCLE 

Figure 7.2-0 illustrates the timing associated with the RETI Instruction. This instruction is used at 
the end of an interrupt service routine to initializethe daisy chain enable linesfor proper control of 
nested priority interrupt handling. The CTC decodes the two-byte RETI code Internally and 
determines whether it is intended for a channel being serviced. 

When several Z80 peripheral chips are in the daisy chain, lEI will become active on the chipcurrently 
under service when an EDH opcode is decoded. If the following opcode is4DH,the peripheral being 
serviced will be re-initialized and its lEO will become active. Additional wait states are allowed. 

RETURN FROM INTERRUPT CYCLE ~~^ ~~~ 

Figure 7.2-0 j j^ 
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7.3 DAISY CHAIN INTERRUPT SERVICING 

Figure 7.3-0 illustrates a typical nested interrupt sequence which may occur in the CTC. In this 
example, channel 2 interrupts and is granted service. While this channel is being serviced, higher 
priority channel 1 interrupts and is granted service. The service routine for the higher priority 
channel is completed, and a RETI instruction (see section 7.2 for further details) is executed to signal 
the channel that its routine is complete. At this time, the service routine of the lower priority channel 
2 Is resumed and completed. 

DAISY CHAIN INTERRUPT SERVICING 
Figure 7.3-0 
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7.4 USING THE CTC AS AN INTERRUPT CONTROLLER 

All of the Z80 family parts contain circuitry for prioritizing interrupts and supplying the vector to the 
CPU. However, in many Z80 based systems interrupts must be processed from devices which do not 
contain this interrupt circuitry. To handle this requirement the MK3882 CTC can be used, providing 
prioritized, independently vectored, maskable, edge selectable, count programmable external 
interrupt inputs. The MK3882 parts may be cascaded, expanding the system to as many as 256 
interrupt inputs. 

Each MK3882 contains 4 channels with counter inputs able to interrupt upon one or more (up to 
256) edge transitions. The active transition may be programmed to be positive or negative. Each of 
the 4 channels has a programmable vector which is used in powerful Z80 mode 2 interrupt 
processing. When an interrupt is processed the vector is combined with the CPU I register to 
determine where the interrupt service routine start address is located. Additionally, priority 
resolution is handled within the MK3882 when more than one interrupt request is made 
simultaneously. When more than one MK3882 is used, the prioritizing is done, with the lEI/lEO 
chain resolving inter-chip priorities. Each channel can be independently "masked" by disabling that 
channel's local interrupt. 

When programming the MK3882 to handle an input as a general purpose interrupt line, the channel 
is put in the counter mode, with the count set to 1 , the active edge specified, and the vector loaded. 
When the programmed edge occurs, a mode 2 interrupt will be generated by the CTC and the 
Z80-CPU can vector directly to the service routine for the non-Z80 peripheral device. Note that after 
the interrupt, the CTC down counter is automatically reloaded with a count of one and the CTC 
channel begins looking for another active edge after the RETI of the interrupt routine. Therefore, 
once a particular channel is under service, no active edges will be recognized by that channel until 
execution of the RETI instruction of the corresponding interrupt routine. Of course, other channels of 
the CTC can generate interrupts and/or pending Interrupts asynchronously, depending on their 
priority. 

CTC AS AN INTERRUPT CONTROLLER 
Figure 7.4-0 
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8.0 ELECTRrCAL SPECIFICATIONS 



8.1 ABSOLUTE MAXIMUM RATINGS'" 

Temperature Under Bias Specified operating range 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin With Respect To Ground -0.3 V to +7 V 

Power Dissipation 0.8 W 



All ac parameters assume a load capacitance of 1 00 pF max. Timing references between two output signals assume 
a load difference of 50 pF max. 

•Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

8.2 D.C. CHARACTERISTICS 

T^ = 0°C to 70°C, Vqc = 5 V ± 5% unless otherwise specified 




SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


TEST CONDITION 


V,LC 


Clock Input Low Voltage 


-0.3 


0.80 


V 




V,HC 


Clock Input High Voltage (1 ) 


Vcc--6 


Vcc+.3 


V 




V,L 


Input Low Voltage 


-0.3 


0.8 


V 




V,H 


Input High Voltage 


2.0 


Vcc 


V 




Vol 


Output Low Voltage 




0.4 


V 


Iql = 2 mA 


VoH 


Output High Voltage 


2.4 




V 


Ioh = -250mA 


'cc 


Power Supply Current 




120 


mA 


Tc = 400 nsec** 


'li 


Input Leakage Current 




±10 


mA 


V,N = OtoVGc 


'loh 


Tri-State Output Leakage Current in Float 




10 


iuA 


VouT"2.4toVcc 


\0L 


Tri-State Output Leakage Current in Float 




-10 


mA 


VouT = 0.4V 


'OHD 


Darlington Drive Current 


-1.5 




mA 


V0H-1.5V 



*Tc = 250 nsec for MK3882-4 

8.3 CAPACITANCE 

Ta = 25°a f = 1 MHz 



SYMBOL 


PARAMETER 


MAX 


UNIT 


TEST CONDITION 


c* 


Clock Capacitance 


20 


pF 


Unmeasured Pins 
Returned to Ground 


C|N 


Input Capacitance 


5 


pF 


^OUT 


Output Capacitance 


10 


pF 
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8.4 AC. CHARACTERISTICS MK3882, MK3882-1 0, Z80-CTC 

T^ = 0°C to 70°C, Vcc = +5 V ±5%, unless otherwise noted 



SIGNAL 


SYMBOL 


PARAMhIER 


3882 


3882-4 


UNIT 


COMMENTS 


MIN 


MAX 


MIN 


MAX 


^ 


k 


Clock Period 


400 


(1) 


250 


(1) 


ns 






tw(^H) 


Clock Pulse Width, Clock High 


170 


2000 


105 


2000 


ns 






W^^L) 


Clock Pulse Width, Clock Low 


170 


2000 


105 


2000 








tr tf 


Clock Rise and Fall Times 




30 




30 


ns 






tH 


Any Hold Time for Specified 
Setup Time 












ns 




OS, CE, etc. 


ts<I>(CS) 


Control Signal Setup Time to 
Rising Edge of <E> During Read 
or Write Cycle 


160 




145 




ns 






tD$(D) 


Data Output Delay from Rising 
Edge of ^ During Read Cycle 




240 




200 


ns 


(2) 




ts^(D) 


Data Setup Time to Rising Edge 
of $ During Write or Ml Cycle 


60 




50 




ns 




Do-D, 


tD|(D) 


Data Output Delay from Falling 
Edge of lORQ During INTA Cycle 




340 




160 


ns 


(2) 




tpiD) 


Delay to Floating Bus (Output 
Buffer Disable Time) 




230 




110 


ns 





lEI 


ts(IEI) 


lEI Setup Time to Falling Edge 
of lORQ During INTA Cycle 


200 




140 




ns 






tDH(«0) 


lEO Delay Time from Rising Edge 




220 




160 


ns 


(3) 




tDiCO) 


lEO Delay Time from Falling 
Edge of lEI 




190 




130 


ns 


(3) 


lEO 


tDM(lO) 


lEO Delay from Falling Edge of 
Ml (Interrupt Occurring just 
Prior to Ml) 




300 




190 


ns 


(3) 


lORQ 


ts^dR) 


lORQ Setup Time to Rising Edge 
of ^ During Read or Write Cycle 


250 




115 




ns 




Ml 


ts^(M1) 


M1 Setup Time to Rising Edge 
of $ During INTA or Ml Cycle 


210 




90 




ns 




RD 


ts^(RD) 


RD Setup Time to Rising Edge 
of <l> During Read or M1 Cycle 


240 




115 




ns 




INT 


tD^(IT) 


INT Delay from Rising Edge of $ 




200 




tc(^) + 
140 




(7) 




tc(CK) 


Clock Period 


2tc(^) 




2tc(<l>) 






(5) 




trtf 


Clock and Trigger Rise and Fall 
Times 




50 




50 


ns 




CLK/ 


ts(CK) 


Clock Setup Time to Rising Edge 


210 




130 




ns 


(5) 


TRGo.3 




of $ for Immediate Count 
















ts(TR) 


Trigger Setup Time to Rising 
Edge of ^ for Enabling of 
Prescaler on Following Rising 
Edge of $ 


210 




130 




ns 


(6) 
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SIGNAt 


SYMBOL 


PARAMETER 


3882 


3882-4 


UNIT 


COMMENTS 


MIN 


MAX 


MIN 


MAX 


CLK/ 
TRG0.3 


twiCTH) 
tw(CTL) 


Clock and Trigger High Pulse 

Width 

Clock and Trigger Low Pulse 

Width 


200 
200 




120 
120 




ns 
ns 


(7) 
(7) 


ZC/ 
TO0.2 


tDH(ZC) 
tDL(ZC) 


ZC/TO Delay Time from Rising 
Edge of ^, ZC/TO High 
ZC/TO Delay Time from Falling 
Edge of ^, ZC/TO Low 




190 
190 




120 
120 


ns 
ns 


(7) 
(7) 



NOTES: 

1. tc = tw(*H) + tv\/(*L) + tr + tf. 

2. Increase delay by 10 nsec for each 50 pF Increase In loading 200 pF 
maximum for data lines and 1 00 pF for control lines. 

3. Increase delay by 2 nsec for each 10 pF increase in loading, 100 pF 
maximum. 



OUTPUT LOAD CIRCUIT 
Figure 2 



■ 



4. RESET must be active for a minimum of 3 clock cycles. 

5. Counter mode 

6. Timer mode 

7. Counter and Timer mode 



FROM OUTPUT 
UNDER TEST 



CR1-CR4 1N914 OR EQUIVALENT 
CL = 50pFON ALLPINS 
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8.5 A.C. TIMING DIAGRAM 



Timing measurements are made at the following voltages, unless otherwise specified: 



"1" "0" 

CLOCK Vcc - ev .8V 

OUTPUT 2.0V .8V 

INPUT 2.0V .8V 

FLOAT J^V t0.5V 



-^ ^twv('l'H) 



T1 T2 T3/TW T4/T3 TV 



D0-D7 



i^RQ 



INT 



ZC/TOo_2 
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9.0 ORDERING INFORMATION 



PART NO. 


DESIGNATOR 


PACKAGE TYPE 


MAX CLOCK FREQUENCY 


TEMPERATURE 
RANGE 


MK3882N 


Z80-CTC 


Plastic 


2.5 MHz 


0° to 70°C 


MK3882P 


Z80-CTC 


Ceramic 


2.5 MHz 


MK3882N-4 


Z80A-CTC 


Plastic 


4.0 MHz 


MK3882P-4 


Z80A-CTC 


Ceramic 


4.0 MHz 


MK3882P-10 


Z80-CTC 


Ceramic 


2.5 MHz 


-40° to +85°C 
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MQSTEK . 

Z80 MICROCOMPUTER 



Direct Memory Access Controller MK3883 



FEATURES 

D Transfers, searches and search/transfers in byte-at- 
a-time, burst or continuous modes. Cycle length and 
edge timing can be programmed to match the speed 
of any port. 

□ Dual port addresses (source and destination) 
generated for memory-to-l/0, memory-to-memory, 
or l/O-to-l/0 operations. Addresses may be fixed or 
automatically incremented/decremented. 

D Next-operation loading without disturbing current 
operations via buffered starting-address registers. 
An entire previous sequence can be repeated 
automatically. 

D Extensive programmability of functions. CPU can 
read complete channel status. 



D Standard Z80 Family bus-request and prioritized 
interrupt-request daisy chains implemented without 
external logic. Sophisticated, internally modifiable 
interrupt vectoring. 

D Direct interfacing to system buses without external 
logic. 

GENERAL DESCRIPTION 

The MK3883 Z80 DMA (Direct Memory Access) is a 
powerful and versatile device for controlling and 
processing transfers of data. Its basic function of 
managing CPU-independent transfers between two 
ports is augmented by an array of features that optimize 
transfer speed and control with little or no external logic 
in systems using an 8- or 1 6-bit data bus and a 1 6-bit 
address bus. 




PIN FUNCTIONS 
Figure 1 
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Transfers can be done between any tvyo ports (source 
and destination), including memory-to-l/0, memory-to- 
memory, and l/O-to-l/0. Dual port addresses are 
automatically generated for each transaction and may 
be either fixed or incrementing/decrementing. In 
addition, bit-maskable byte searches can be performed 
either concurrently with transfers or as an operation in 
itself. 

The MK3883 Z80 DMA contains direct interfacing to 
and independent control of systern buses, as well as 
sophisticated bus and interrupt controls. Many program- 
mable features, including variable cycle timing and 
auto-restart minimize CPU softwareoverhead. They are 
especially useful in adapting this special-purpose 
transfer processor to a broad variety of memory, I/O and 
CPU environments. 

The MK3883 Z80 DMA is an n-channel silicon-gate 
depletion-load device packaged in a 40-pin plastic, or 
ceramic DIP. It uses a single +5V power supply and the 
standard Z80 Family single-phase clock. 

ZBO ENVIRONMENT WifH MULTIPLE DMA 

CONTROLLERS 

Figure 3 




FUNCTIONAL DESCRIPTION 

Classes of Operation 

The MK3883 Z80 DMA has three basic classes of 
operation: 

• Transfers of data between two ports (memory or I/O 
peripheral) 

• Searches for a particular 8-bit maskable byte at a 
single port in memory or an I/O peripheral 

• Combined transfers with simultaneous search 
between two ports 

Figure 4 illustrates the basic functions served by these 
classes of operation. 

BASIC FUNCTIONS OF THE Z80 DMA 
Figure 4 




1 . Search memory 

2. Transfer memory-to-memory (optional search) 

3. Transfer memory-to-l/O (optional search) 

4. Search I/O 

5. Transfer l/O-to-l/O (optional search) 



During a transfer, the DMA assumes control of the 
system control, address, and data buses. Data is read 
from one addressable port and written to the other 
addressable port, byte by byte. The ports may be 
programmed to be either system main memory or 
peripheral I/O devices. Thus, a block of data may be 
written from one peripheral to another, from one area of 
main memory to another, or from a peripheral to main 
memory and vice versa. 

During a search-only operation, data is read from the 
source port and compared byte by byte with the DMA- 
Internal register containing a programmable match 
byte. This match byte may optionally be masked so that 
only certain bits within the match byte are compared. 
Search rates up to 1.25M bytes per second can be 
obtained with the 2.5MHz MK3883 Z80 DMA or 2M 
bytes per second with the 4MHz MK3883-4 Z80 DMA. 

In combined searches and transfers, data is transferred 
between two ports while simultaneously searching for a 
bit-maskable byte match. 

Data transfers or searches can be programmed to stop 
or interrupt under various conditions. In addition, CPU- 
readable status bits can be programmed to reflect the 
condition. 
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Modes of Operation 



Variable Cycle 



The MK3883 Z80 DMA can be programmed to operate 
in one of three transfer and/or search modes: 

• Byte-at-a-time: data operations are performed one 
byte at a time. Between each byte operation the 
system buses are released to the CPU. The buses 
are requested again for each succeeding byte 
operation. 

• Burst: data operations continue until a port's Ready 
line to the DMA goes inactive. The DMA then stops 
and releases the system buses after completing its 
current byte operation. 

• Continuous: data operations continue until the end 
of the programmed block of data is reached before the 
system buses are released. If a port's Ready line goes 
inactive before this occurs, the DMA simply pauses 
until the Ready line comes active again. 

In all modes, once a byte of data is read into the DMA, 
the operation on the byte will be completed in an orderly 
fashion; regardless of the state of other signals 
(including a port's Ready line). 

Due to the DMA's high-speed buffered method of 
reading data, operations on one byte are not completed 
until the next byte is read in. Consequently, total transfer 
or search block lengths must be two or more bytes, and 
those block lengths programmed into the DMA must be 
one byte less than the desired block length (count is N-1 
where N is the block length). 

Commands and Status 

The Z80 DMA has several writeable control registers 
and readable status registers available to the CPU. 
Control bytes can be vi/ritten to the DMA while the DMA 
is enabled or disabled, but the act of writing a control 
byte to the DMA disables the DMA until it is again 
enabled by a specific command. Status bytes can also be 
read at any time, but writing the Read Status command 
or the Read Mask command disables the DMA. 

Control bytes to the DMA include those which effect 
immediate command actions such as enable, disable, 
reset, load starting-address buffers, continue, clear 
counters, clear status bits and the like. In addition, many 
mode-setting control bytes can be written, including 
mode a nd class of operation, port configuration, starting 
addresses, block length, address counting rule, match 
and match-mask byte, interrupt conditions, interrupt 
vector, status-affects-vector condition, pulse counting, 
auto restart. Ready-line and Wait-line rules, and read 
mask. 

Readable status registers include a general status byte 
reflecting Ready-line, end-of-block, byte-match and 
interrupt conditions, as well as Dual-byte registers for 
the current byte count. Port A address and Port B 
address. 



The Z80 DMA has the unique feature of programmable 
operation-cycle length. This is valuable in tailoring the 
DMA to the particular requirements of other system 
components (fast or slow) and maximizes the data- 
transfer rate. It also eliminates external logic for signal 
conditioning. 

There are two aspects to the variable cycle feature. First, 
the entire read and write cycles (periods) associated 
with the source and destination ports can be 
independently programmed as 2, 3 or 4 T-cycles long 
(more if Wait cycles are used), thereby increasing or 
decreasing the speed with which all DMA signals 
change (Figure 5). 

VARIABLE CYCLE LENGTH 
Figures 





EARLY WRITE 



Second, the four signals in each port specifically 
associated with transfers of data (I/O Request, Memory 
Request, Read and Write) can each have its active 
trailing edge terminated one-half T-cycle early. This 
adds a further dimension of flexibility and speed, 
allowing such things as shorter-than-normal Read or 
Write signals that go inactive before data starts to 
change. 

Address Generation 

Two 1 6-bit addresses are generated by the Z80 DMA for 
every transfer or search operation, one address for the 
source Pbrt A and another for the destination Port B. 
Each address can be either variable or fixed. Variable 
addresses can increment or decrement from the 
programmed starting address. The fixed-address 
capability eliminates the need for separate enabling 
wires to I/O ports. 

Port addresses are multiplexed onto the system address 
bus, depending on whether the DMA is reading the 
source port or writing to the destination port. Two 
readable address counters (2-bytes each) keep the 
current address of each port. 

Auto Restart 

The starting addresses of either port can be reloaded 
automatically at the end of a block. This option is 
selected by the Auto Restart control bit. The byte 
counter is cleared when the addresses are reloaded. 
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The Auto Restart feature relieves the CPU of software 
overhead for repetitive operations such as CRT refresh 
and many others. Moreover, the CPU can write different 
starting addresses into buffer registers during transfers 
causing the Auto Restart to begin at a new location. 

Interrupts 

The MK3883 Z80 DMA can be programmed to interrupt 
the CPU on four conditions: 

• Interrupt on Ready (before requesting bus) 

• Interrupt on Match 

• Interrupt on End of Block 

• Interrupt on Match at End of Block 

Any of these interrupts cause an interrupt-pending 
status bit to be set, and each of them can optionally alter 
the DMA's interrupt vector. Due to the buffered 
constraint mentioned under "Modes of Operation," 
interrupts on Match at End of Block are caused by 
matches to the byte just prior to the last byte in the block. 



Bus Acknowledge pin of the CPU. Lower-priority DMAs 
have their BAI connected to the BAO of a higher-priority 
DMA. 

BAO. Bus Acknowledge Out (output, active Low). In a 
multiple-DMA configuration, this pin signals that no 
other hi gher -priority DMA has requested the system 
busses. BAI and BAO form a daisy chain for multiple- 
DMA priority resolution over bus control. 



BUSRQ. Bus Request (bidirectional, active Low, open 
drain). As an output, it sends requests for control of the 
system address bus, data bus and control bus to the 
CPU. As an input when multiple D MAs are stru ng 
together in a priority daisy chain via BAI and BAO, it 
senses when another DMA has requested the buses 
and causes this DMA to refrain from bus requesting until 
the other DMA is finished. Because it Is a bidirectional 
pin, there cannot be any buffers between this DMA and 
any other DMA. It can, however, have a unidirectional 
into the CPU. A pull-up resistor is connected to this pin. 



The DMA shares the Z80 family's elaborate interrupt 
scheme, which provides fast interrupt service in real- 
time applications. In a Z80 CPU environment, the DMA 
passes its internally modifiable 8-bit interrupt vector to 
the CPU, which adds an additional eight bits to form the 
memory address of the interrupt-routine table. This 
table contains the address of the beginning of the 
interrupt routine itself. 

Inthisprocess, CPU control is transferred directly to the 
interrupt routine, so that the next instruction executed 
after an interrupt acknowledge is the first instruction of 
the interrupt routine itself. 

Pulse Generation 

External devices can keep track of how many bytes have 
been transferred by using the DMA's pulse output, 
which provides a signal at 256-byte intervals. The 
interval sequence may be offset at the beginning by 1 to 
255 bytes. 

The interrupt line outputs the pulse signal in a manner 
that prevents misinterpretation by the CPU as an 
interrupt request, since it only appears when the Bus 
Request and Bus Acknowledge lines are both active. 

PIN DESCRIPTIONS 

Aq-A-js. System Address Bus (output, 3-state). Ad- 
dresses generated by the DMA are sent to both source 
and destination ports (main memory or I/O peripherals) 
on these lines. 

BAI. Bus Acknowledge In (input, active Low). Signals 
that the system buses have been released for DMA 
control. In multiple-DMA configurations, the BAI pin of 
the highest priority DMA is normally connected to the 



CE/WAIT. Chip Enable and Wait (input, active Low). 
Normally this functions onl y as a CE line, but it can also 
be programmed to serve a WAIT func tion . As a CE line 
f rom the CPU, it becomes active when WR a ndlORQ a re 
active and the I/O port address on the system address 
bus is the DMA's address, thereby allowing a transfer of 
c ontrol or command bytes from the CPU to the DMA. As 
a WAIT line from memory or I/O devices, after the DMA 
has received a bus-request acknowledge from the CPU, 
it causes wait states to be inserted in the DMA's 
operation cycles thereby slowing the DMA to a speed 
that matches the memory or I/O device. 

CLK. System clock (input). Standard Z80 single-phase 
clock at 2.5MHz (MK3883) or 4.0MHz (MK3883-4). For 
slower system clocks, a TTL gate with a large pullup 
resistor may be adequate to meet the timing and voltage 
level specification. For higher-speed systems, use a 
clock driver with an active pullup to meet the Vm 
specification and risetime requirements. 

D0-D7. System Data Bus (bidirectional, 3-state). 
Commands from the CPU, DMA status, and data from 
memory or I/O peripherals are transferred on these 
lines. 

lEI. Interrupt Enable In (input, active High). This Is used 
with lEO to form a priority daisy chain when there is 
more than one interrupt-driven device. A High on this 
line indicates that no other device of higher priority is 
being serviced by a CPU interrupt service routine. 

lEO. Interrupt Enable Out (output, active High). lEO is 
High only if lEI is High and the CPU is not servicing an 
interrupt from this DMA. Thus, this signal blocks lower- 
priority devices from interrupting while a higher-priority 
device is being serviced by its CPU interrupt service 
routine. 
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INT. Interrupt Request (output, active Low, open drain). 
This requests a CPU interr upt. T he CPU acknowledges 
the interrupt by pulling its lORQ output Low during an 
Ml cycle. It is typically connected to the InT pin of the 
CPU with a pullup resistor and tied to all other TNT pins 
in the system. 



lORQ. Input/Output Request (bidirectional, active 
Low, 3-state). As an input, this indicates that the lower 
half of the address bus holds a valid I/O port address for 
transfer of control or status bytes from or to the CPU, 
respectively; this DMA is the addressed port if its CE pin 
and its WR or RD pins are simultaneously active. As an 
output, after the DMA has taken control of the system 
busses. It indicates that the lower half of the address bus 
holds a valid port address for anothe r I/O device 
involved in a DMA transfer of data. When lORQ and"Ml 
are both active simultaneously, an interrupt acknow- 
ledge is indicated. 

Ml . Machine Cycle One (input, active Low). Indicates 
that the current CPU machine cycle is an instruction 
fetch. It is used by the DMA to decode the return-from- 
interrupt instruction (RETI) (ED-4D) sent by the CPU. 
During two-byte instruction fetches. Ml Is active as 
each opcode byte is fetched. An inter rupt acknowledge 
is indicated when both Ml and lORQ are active. 

MREQ. Memory Request (bidirectional, active Low, 3- 
state). This indicates that the address bus holds a valid 
address for a memory read or write operation. As an 
input, it indicates that control or status information from 
or to memory is to be transferred to the DMA, if the 
DMA's CE and WR or RD lines are simultaneously 
active. As an output, after the DMA has taken control of 
the system buses, it indicates a DMA transfer request 
from or to memory. 



RD. Read (bidirectional, active Low, 3-state). As an 
input, this indicates that the CPU wants to read status 
bytes from the DMA's read registers. As an output, after 
the DMA has taken control of the system buses. It 
indicates a DMA-controlled read from a memory or I/O 
port address. 

WR. Write (bidirectional, active Low, 3-state). As an 
input, this indicates that the CPU wants to write control 
or command bytes to the DMA write registers. As an 
output, after the DMA has taken control of the system 
busses, it indicates a DMA-controlled write to a memory 
or I/O port address. 

RDY. Ready(input, programmable active Lowor High). 
This is monitored by the DMA to determine when a 
peripheral device associated with a DMA port is ready 
for a read or write operation. Depending on the mode of 
DMA operation (byte, burst or continuous), the RDY line 
indirectly controls DMA activity by causing the BUSRQ 
line to go Low or High. 

INTERNAL STRUCTURE 

The internal structure of the MK3883 Z80 DMA 
includes driver and receiver circuitry for interfacing 
with an 8-bit system data bus, a 1 6-bit system address 
bus, and system control lines (Figure 6). In a Z80 CPU 
environment, the DMA can be tied directly to the 
analogous pins on the C PU (Figure 7) with no additional 
buffering, except for the CE/WAIT line. 

The DMA's internal data bus interfaces with the system 
data bus and services all internal logic and registers. 
Addresses generated from this logic for Ports A and B 
(source and destination) of the DMA's single transfer 
channel are multiplexed onto the system address bus. 
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BLOCK DIAGRAM 
Figure 6 
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Specialized logic circuits in the DMA are dedicated to 
the various functions of external bus interfacing, 
internal bus control, byte matching, byte counting, 
periodic pulse generation, CPU interrupts, bus requests, 
and address generation. A set of twenty-one writeable 
control registers and seven readable status registers 
provide the means by which the CPU governs and 
monitors the activities of these logic circuits. All 
registers are eight bits wide, with double-byte 
information stored in adjacent registers. The two 
starting-address registers (two bytes each) for Ports A 
and B are buffered. 

The 21 writeable control registers are organized into 
seven base-register groups, most of which have 
multiple registers. The base registers in each writeable 
group contain both control/command bits and pointer 
bits that can be set to address other registers within the 
group. The seven readable status registers have no 
analogous second-level registers. 

The registers are designated as follows, according to 
their base-register groups: 

WR0-WR6 - Write Register groups through 6 (7 base 
registers plus 14 associated registers) 



RR0-RR6 - Read Registers through 6 



Writing to a register within a write-register group 
involves first writing to the base register, with the 
appropriate pointer bits set, then writing to one or more 
of the other registers within the group. All seven of the 
readable status registers are accessed sequentially 
according to a programmable mask contained in one of 
the writeable registers. The section entitled "Program- 
ming" explains this in more detail. 

A pipelining scheme is used for reading data in. The 
programmed block length is the number of bytes 
compared to the byte counter, which increments at the 
end of each cycle. In searches, data byte com|3arisons 
with the match byte are made during the read cycle of 
the next byte. Matches are, therefore, discovered only 
after the next byte is read in. 

In multiple-DMA configurations, interrupt-request 
daisy chains are prioritized by the order in which their 
lEI and lEO lines are connected. The system bus, 
however, may not be pre-empted. Any DMA that gains 
access to the system buses keeps them until it is 
finished. 



MULTIPLE-DMA INTERCONNECTION TO THE Z80 CPU 

Figure 7 
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WRITE REGISTERS 



WRO Base register byte 

Port A starting address (low byte) 
Port A starting address (high byte) 
Block length (low byte) 
Block length (high byte) 

WR1 Base register byte 

Port A variable-timing byte 

WR2 Base register byte 

Port B variable-timing byte 

WR3 Base register byte 

Mask byte 
Match byte 

WR4 Base register byte 

Port B starting address (low byte) 
Port B starting address (high byte) 
Interrupt control byte 
Pulse control byte 
Interrupt vector 

WR5 Base register byte 

WR6 Base register byte 

Read mask 



Writing 

Control or command bytes are written into one or more 
of the Write Register groups (WR0-WR6) by first writing 
to the base register byte in that group. All groups have 
base registers and most groups have additional 
associated registers. The associated registers in a group 
are sequentially accessed by first writing a byte to the 
base register containing register-group identification 
and pointer bits (Ts) to one or more of that base 
register's associated registers. 

READ REGISTERS 
Figure 8a. 

READ REGISTER 
^7 ^6 "5 "4 "3 




STATUS BYTE 



L 



1 = DMA OPERATION 
HAS OCCURRED 

= READY ACTIVE 
UNDEFINED 

= INTERRUPT PENDING 

= MATCH FOUND 

= END OF BLOCK 
UNDEFINED 



READ REGISTERS 



RRO Status byte 

RR1 Byte counter (low byte) 

RR2 Byte counter (high byte) 

RR3 Port A address counter (low byte) 

RR4 Port A address counter (high byte) 

RR5 Port B address counter (low byte) 

RR6 Port B address counter (high byte) 



PROGRAMMING 

The Z80 DMA has two programmable fundamental 
states: (1 ) an enabled state, in which it can gain control 
of the system buses and direct the transfer of data 
between ports, and (2) a disabled state, in which it can 
initiate neither bus requests or data transfers. When the 
DMA is powered up or reset by any means, it is 
automatically placed into the disabled state. Program 
commands can be written to it by the CPU in either state, 
but this automatically puts the DMA in the disabled 
state, which is maintained until an enabled command is 
issued by the CPU. The CPU must program the DMA in 
advance of any data search or transfer by addressing it 
as an I/O port and sending a sequence of control bytes 
using an Output instruction (such as OTIR for the Z80 
CPU). 



READ REGISTER 1 



1 III 


READ REGISTER 2 










READ REGISTER 3 




I 1 1 




READ REGISTER 4 


II 1 1 1 1 1 


READ REGISTER 5 


1 1 1 




READ REGISTER 6 


1 II 


U 



BYTE COUNTER 
(LOW BYTE) 



BYTE COUNTER 
(HIGH BYTE) 



PORT A ADDRESS COUNTER 
(LOW BYTE) 



PORT A ADDRESS COUNTER 
(HIGH BYTE) 



PORT B ADDRESS COUNTER 
(LOW BYTE) 



PORT B ADDRESS COUNTER 
(HIGH BYTE) 



This is illustrated in Figure 8. In this figure, the 
sequence in which associated registers within a group 
can be written to is shown by the vertical position of the 
associated registers. For example, if a byte written to the 
DMA contains the bits that identify WRO (bits DO, D1 
and D7), and also contains 1 's in the bit positions that 
point to the associated "Port A Starting Address (low 
byte)" and "Port A Starting Address (high byte)" then 
the next two bytes written to the DMA will be stored in 
these two registers, in that order. 
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WRITE REGISTERS 
Figure 8b 
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1 = PORT A ADDRESS INCREMENTS 

= PORT A ADDRESS VARIABLE 

1 = PORT A ADDRESS FIXED 



BASE REGISTER BYTE 



= MEMORY 

1 =1/0 

= PORT B ADDRESS DECREMENTS 

1 = PORT B ADDRESS INCREMENTS 

= PORT B ADDRESS VARIABLE 

1 = PORT B ADDRESS FIXED 



n 



PORTB 

VARIABLE TIMING BYTE 



TT 

= CYCLE LENGTH = 4 

1 = CYCLE LENGTH = 3 
10 = CYCLE LENGTH = 2 

1 1 DO NOT USE 

' ' " = WR ENDS V2 CYCLE EARLY 
— = RD ENDS 1/2 CYCLE EARLY 



MREQ ENDS V2 CYCLE EARLY 
lORQ ENDS V2 CYCLE EARLY 



WRITE REGISTER 3 
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MATCH BYTE 



PORT A 
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are always read in a fixed sequence beginning with RRO 
and ending with RR6. However, the register read in this 
sequence is determined by programming the Read Mask 
in WR6. The sequence of reading is initialized by writing 
an Initiate Read Sequence or Set Read Status command 
to WR6. After a Reset DMA, the sequence must be 
initialized with the Initiate Read Sequence command or 
a Read Status command. The sequence of reading all 
registers that are not excluded by the Read Mask 
MREQ ENDS V2 CYCLE EARLY register must be completed before a new Initiate Read 
lORQ ENDS V2 CYCLE EARLY Sequence or Read Status command. 



CYCLE LENGTH = 4 

CYCLE LENGTH = 3 

CYCLE LENGTH = 2 

DO NOT USE 

WR ENDS V2 CYCLE EARLY 

RD ENDS 1/2 CYCLE EARLY 



Reading 

The Read Registers (RR0-RR6) are read by the CPU by 
addressing the DMA as an I/O port using an Input 
instruction (such as INIR for theZSO CPU). The readable 
bytes contain DMA status, byte-counter values, and 
port addresses since the last DMA reset. The registers 



Fixed-Address Programming 

A special circumstance arises when programming a 
destination port to have a fixed address. The load 
command in WR6 only loads a fixed address to a port 
selected as the source, not to a port selected as the 
destination. Therefore, a fixed destination address must 
be loaded by temporarily declaring it a fixed-source 
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WRITE REGISTERS 
Figure 8b 
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HEX 
C3 1 



D3 1 



BASE REGISTER BYTE 



= 



C7 1 1 
CB 1 1 
CF 1 1 1 



= 



AB 





1 





1 





AF 





1 





1 


1 


A3 





1 












87 1 

83 

A7 1 1 

BF 1 11 1 

83 1 1 



88 1 
87 1 10 1 



88 1 



RESET INTERRUPT CIRCUITRY, 

DISABLE INTERRUPT AND BUS 

REQUEST LOGIC, UNFORCE 

INTERNAL HEADY CONDITION, 

DISABLE "MUXCE" AND STOP 

AUTO REPEAT. 

RESET PORT A TIMING TO 

STANDARD Z80 CPU TIMING. 

RESET PORT B TIMING TO 

STANDARD Z80 CPU TIMING. 

LOAD STARTING ADDRESS FOR 

BOTH PORTS, CLEAR BYTE 

COUNTER. 

ADDRESS CONTINUE FROM 

PRESENT LOCATIONS, CLEAR 

BYTE COUNTER. 

ENABLE INTERRUPTS. 

DISABLE INTERRUPTS. 

RESET AND DISABLE INTERRUPT 

CIRCUITS (LIKE RETI) AND 

UNFORCE THE INTERNAL READY 

CONDITON. 

I BOTH AFFECT ALL 
OPERATIONS EX- 
CEPT INTERRUPTS. 
BUT DO NOT RESET 
ANY FUNCTIONS. 
INITIATE READ SEQUENCE TO THE 
FIRST REGISTER DESIGNATED AS 
READABLE BY THE READ MASK 
REGISTER. 

SET READ STATUS SO NEXT READ 
IS FROM STATUS REGISTER. 
FORCE AN INTERNAL READY 
CONDITION INDEPENDENT 
"OF THE RDY" INPUT. (USED FOR 
MEMORY-TO-MEMORY 
OPERATIONS WHERE NO RDY 
SIGNAL IS NEEDED. THIS 
COMMAND DOES NOT FUNCTION 
IN THE "BYTE-AT-A-TIME" MODE). 
CLEAR MATCH AND END OF 
BLOCK STATUS BITS. 
ENABLE AFTER RETI SO DMA 
REQUESTS BUS ONLY AFTER 
RECEIVING A RETI. MUST BE 
FOLLOWED BY AN ENABLE DMA 
COMMAND. 

READ MASK IS THE FOLLOWING 
BYTE 




I I I READ MASK (1 = ENABLE) 



STATUS 
-BYTE COUNTER (LOW BYTE) 
-BYTE COUNTER (HIGH BYTE) 
-PORT A ADDRESS (LOW BYTE) 
-PORT A ADDRESS (HIGH BYTE) 
-PORT 8 ADDRESS (LOW BYTE) 
-PORT 8 ADDRESS (HIGH BYTE) 
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SAMPLE DMA PROGRAM 
Figure 9 



COMMENTS 


■ 


Ds 


D5 


D4 


D3 


D2 


Dl 


°o 


HEX 


WRO sets DMA to receive 
block length. Port A start- 
ing address and temporarily 
sets Port B as source. 





1 

Block Length 
Upper 
Follows 


1 

Block Length 

Lower 

Follows 


1 

Port A 

Upper 

Address 

Follows 


1 
Port A 
Lower 
Address 
Follows 




B-^»A 

Temporary 

for 
Loading B 
Address 


1 
Transfer, No Search 


79 


Port A address (lower) 





1 





1 














50 


Port A address (upper) 











1 














10 


Block length (lower) 


























00 


Block length (upper) 











1 














10 


WR1 defines Port A as 
peripheral with fixed 
address. 







No Timing 

Follows 



Address 
Changes 


1 

Address 

Increments 



Port is 
Memory 


1 
This is 
Port A 








14 


WR2 defines Port B as 
peripheral with fixed 
address. 







No Timing 

Follows 


1 

Fixed 

Address 





1 

Port is 

I/O 



This is 
, Port B 








28 


WR4 sets mode to Burst, 
sets DMA to expect Port B 
address. 




1 
Burst 



Mode 




No Interrupt 

Control Byte 

Follows 



No Upper 
Address 


1 

Port B Lower 

Address 

Follows 





1 


C5 


Port B address (lower) 

















1 





1 


05 


WR5 sets Ready active High 








No Auto 
Restart 



No Wait 
States 


1 

RDY 

Active High 





1 





8A 


WR6 loads both Port addresses 
and resets block counter.* 




1 






Load 


1 


1 


1 


1 


CF 


WRO sets Port A as source.* 









No Addres 
Length 



s of Block 
Bytes 





1 
A— ►B 



Transfer, N 


1 

Search 


05 


WR6 reloads Port addresses 
and resets block counter 




1 






Load 


1 


1 


1 


1 


CF 


WR6 enables DMA to start 
operation. 











Enable DMA 





1 


1 


1 


87 



NOTE: The actual number of bytes transferred is one more than specified by the block length. 
*These commands are necessary only in the case of a fixed destination address. 



address and subsequently declaring the true source as 
such, thereby implicitly making the other a destination. 

The following example illustrates the steps in this 
procedure, assuming that transfers are to occur from a 
variable-address source (Port A) to a fixed-address 
destination (Port B): 

1 . Temporarily declare Port B as source In WRO. 

2. Load Port B address in WR6. 

3. Declare Port A as source in WRO. 

4. Load Port A address in WR6. 

5. Enable DMA in WR6. 

Figure 9 illustrates a program to transfer data from 
memory (Port A) to a peripheral device (Port B). In this 
example, the Port A memory starting address is 1 050^ 
and the Port B peripheral fixed address is 05^. Note that 
the data flow is 1 001 h bytes— one more than specified 



by the block length. The table of DMA commands may be 
stored in consecutive memory locations and transferred 
to the DMA with an output instruction such as the Z80 
CPU's OTIR instruction. 

INACTIVE STATE TIMING (DMA as CPU Peripheral) 

In its inactive state/the DMA is addressed by the CPU as 
an I/O peripheral for write and read (control and status) 
operations. Write timing is illustrated in Figure 10. 

Reading of the DMA's status byte, byte counter or port 
address counters is illustrated in Figure 1 1 . These 
operations Require less than three T-cycles. The CE, 
lORQ and RD lines are made active over two rising 
edges of CLK, and data appears on the bus 
approximately one T-cycle after they become active. 
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CPU-TO-DMA WRITE CYCLE 
Figure 10 



CLK 

CE . 
lORQ 
WR 



_rLn_rT^T. 



Dft-D 



Q-UJ 



cy 



CPU-TO-DMA READ CYCLE 
Figure 1 1 




Dn-D 



MEMORY-TO-l/0 TRANSFER 
Figure 1 2 
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CE/WAIT_ 
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I/O-TO-MEMORY TRANSFER 
Figure 13 
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ACTIVE STATE TIMING (DMA as Bus Controller) 

The DMA is active when it takes control of the system 
bus and begins transferring data. 

Default Read and Write Cycles 

By default, and after reset the DMA's timing of read and 
write operations is exactly the same as the Z80 CPU's 
timing of read and write cycles for memory and I/O 
peripherals, with one exception: during a read cycle, 
data is latched on the falling edge of T3 and held on the 
data bus across the boundary between read and write 
cycles, through the end of the following write cycle. 

Figure 1 2 illustrates the timing for memory-to-l/O port 
transfers and Figure 13 illustrates l/O-to-memory 
transfers. Memory-to-memory and l/O-to-l/O transfer 
timings are simply permutations of these diagrams. 

The default timing uses three T-cycles for memory 
transactions and four T-cycles for I/O transactions, 
which include one auto matically i nserted wait cycle 
between T2 and T3. If the CE/WAIT line is programmed 
to act as WAIT line during the DMA's active state, it is 
sampled on the falling edge of T2 for memory 
transactions and the falling edge of Tyy/ for I/O 
transactions. If CE/WAIT is lowduri ng this time another 
T-cycle is added, during which the CE/WAIT line will 
again be sampled. The duration of transactions can thus 
be indefinitely extended. 

Variable Cycle and Edge Timing 

The Z80 DMA's default operation-cycle length for the 
source (read) port and destination (write) port can be 
independently programmed. This variable-cycle feature 
allows read or write cycles consisting of two, three or 
four T-cycles (more if Wait cycles are inserted), thereby 
increasing or decreasing the speed of all signals 
generated by the DM A. In addition, the trailing edges of 
the lORQ, MREQ, RD and WR signals can be 
independently terminated one-half cycle early. Figure 
14 illustrates this. 




In the variable-cycle mode, unlike default t imi ng, l ORQ 
comes active one-half cycle before MREQ, RD and WR. 
CE/WAIT can be used to extend only the 3 or 4 T-cycle 
variable cycles. It is sampled at the falling edge of T2 for 
3- or 4-cycle memory cycles, and at the falling edge of 
T3 for 4-cycle I/O cycles. 

During transfers, data is latched on the clock edge 
causing the rising edge of RD and held until the end of 
the write cycle. 

Bus Requests 

Figure 15 illustrates the bus request and acceptance 
timing. The RDY line, which may be programmed active 
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VARrABLE-CYCLE AND EDGE TIMING 
Figure 14 



I Tl I T2 I T3 I 



CLK 



VA,5~~X~ 



lORQ 



~ ^ r 



MREQ 
RD, WR 



t 



yw.^ ./ V- — ..-/v— — 



/ / 



7-r 






~u.^ I < ' 



2-CYCLE 3-CYCLE 4-CYCLE 

EARLY EARLY EARLY 

END END END 



BUS REQUEST AND ACCEPTANCE 
Figure 15 




DMA DMA 
ACTIVE INACTIVE 



BUS RELEASE (BYTE-AT-A-TIME MODE) 
Figure 16 



CLK 



BUSRQ 



f5^ 



BAI 



.^ 



DMA ACTIVE >|< DMA INACTIVE 



BUS RELEASE (CONTINUOUS MODE) 
Figure 17 



RDY INACTIVE 



BUSRQ 




f^-LAST BYTE J?|< DMA 

OPERATION INACTIVE 

BLOCK 



BUS RELEASE WHEN NOT READY (BURST MODE) 
Figure 1 8 



CLK 



ACTIVE 
RDY INACTIVE \ 



BUSRQ 




-CURRENT )q< DMA 

BYTE * INACTIVE 

OPERATION 



BUS RELEASE ON MATCH 

(BURST AND CONTINUOUS MODES) 

Figure 1 9 



c'-K_rLru 

ACTIVE 




READ 100 



READ IN AND 'DMA 
MATCH FOUND INACTIVE 
ON BYTE N 



High or Low, issampledonevery rising edge of CLK. If it 
is found to be active, and the bus is not in use by any 
other device, the following rising edge of CLK drives 
BUSRQ low. After receiving BUSRQ, the CPU 
acknowledges on the BAI input either directly or 
through a multiple-DMA daisy chain. When a low is 
detected on BAI for two consecutive rising edges of CLK, 
the DMA will begin transferring data on the next rising 
edge of CLK. 



Bus Release Byte-at-a-Time 



In Byte-at-a-Time mode, BUSRQ is brought high on the 
rising edge of CLK prior to the end of each read cycle 
(search-only) or write cycle (transfer and transfer/ 
search) as illustrated in Figure 16. This is done 
regardless of the state of RDY. There is no possibility of 
confusion when a Z80 CPU is used since the CPU 
cannot begin an operation until the following T-cycle. 
Most other CPUs are not bothered by this either, 
although note should be taken of it. The next bus 
req uest for the next byte will come after both BUSRQ 
and BAI have returned high. 

Bus Release at End of Block 

In Burst and Continuous modes, an end of block causes 
BUSRQ to go High usually on the same rising edge of 
CLK in which the DMA completes the transfer of the 
data block (Figure 17). The last byte In the block is 
transferred even if RDY goes inactive before completion 
of the last byte transfer. 
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Bus Release on Not Ready 

In Burs t Mode, when RDY goes inactive it causes 
BUSRQ to go High on the next rising edge of CLK after 
the completio n of its c urrent byte operation (Figure 1 8). 
The action on BUSRQ is thus somewhat delayed from 
action on the RDY line. The DMA always completes its 
current byte operation in an orderly fashion before 
releasing the bus. 



By contrast, BUSRQ is not released in Continuous mode 
when RDY goes inactive. Instead, the DMA idles after 
completing the current byte operation, awaiting an 
active RDY again. 

Bus Release on Match 

If the DMA is programmed to stop on match in Burst or 
Continuous modes, a match causes BUSRQ to go 
inactive on the rising edge of CLK after the next byte 
following the match (Figure 19). Due to the pipelining 
scheme, matches are determined while the next byte is 



being read. Matches at End-of-Block are, therefore, 
actually matches to the byte immediately preceding the 
last byte in the block. 

The RDY line can go inactive after the matching 
operation begins without affecting this bus-release 
timing. 

Interrupts 

Timings for interrupt acknowledge and return from 
interrupt are the same as timings for these in other Z80 
peripherals. 

Interrupt on RDY (int errupt be fore requesting bus) does 
not directly affect the BUSRQ line. Instead, the interrupt 
service routine must handle this by issuing the 
following commands to WR6: 

1 . Enable after Return From Interrupt (RETI) Command 
— HexB7 

2. Enable DMA— Hex 87 

3. A RETI instruction that resets the lUS latch in the 
Z80 DMA 




ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 



Operating Ambient Temperature Under Bias As Specified Under "Ordering Information" 

Storage Temperature -65°C to +1 50°C 

Voltage on any pin with respect to ground -0.3V to +7V 

Power Dissipation 1.5W 

Stresses greater than those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only; operation ofthe device at 
any condition above those indicated in the operational sections of these specifications is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



STANDARD TEST COIMDITIONS 

The characteristics below apply for the following 
standard test conditions, unless otherwise noted. All 
voltages are referenced to GND. Positive current flows 
into the referenced pin. Standard conditions are as 
follows: 

• +4.75<Vcc^+5.25V 

• GND = OV 

• 0°C<Ta<+70°C 

All AC parameters assume a load capacitance of 
100pF max. Timing references between two output 
signals assume a load difference of 50pF max. 



Figure 20 



''CC 



FROM OUTPUT 
UNDER TEST ' 



loopF :z: 




2. IK 



DC CHARACTERISTICS 



SYM 


PARAMETER 


MIN 


MAX 


UNIT 


TEST CONDITION 


V|LC 


Clock Input Low Voltage 


-0.3 


0.80 


V 




V|HC 


Clock Input High Voltage 


vcc-.e 


5.5 


V 




V|L 


Input Low Voltage 


-0.3 


0.8 


V 
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DC CHARACTERISTICS 



SYM 


PARAMETER 


MIIM 


MAX 


UNIT 


TEST CONDITION 


V|H 


Input High Voltage 


2.0 


5.5 


V 




Vol 


Output Low Voltage 




0.4 


V 




IOL=3.2mA for BUSRQ 
IOL=2.0mA for all others 


VOH 


Output High Voltage 


2.4 




V 


IOH=250mA 


'cc 


Power Supply Current 
MK3883 
MK3883-4 




150 
200 


mA 
mA 




'LI 


Input Leakage Current 




±10 


mA 


V|N=OtoVcc 


'loh 


Tri-State Output Leakage Current 
in Float 




10 


mA 


VoUT"2.4toVcc 


'lol 


Tri-State Output Leakage Current 
in Float 




-10 


mA 


VOUT=0-4V 


'ld 


Data Bus Leakage Current in 
Input Mode 




±10 

■ 


mA 


0<V,N<Vcc 



Vqq = 5V ± 5% unless otherwise specified, over specified temperature range. 



CAPACITANCE 



SYM 


PARAMETER 


MIN 


MAX 


UNIT 


TEST CONDITION 


C 


Clock Capacitance 




35 


pF 


Unmeasured Pins 
Returned to Ground 


C|N 


Input Capacitance 




10 


PF 


COUT 


Output Capacitance 




10 


pF 



f = 1 MHz, over specified temperature range 

INACTIVE STATE AC CHARACTERISTICS 

(See Figure 21 ) 



NO 


SYM 


PARAMETER 


MK3883 


MK3883-4 


UNIT 


MIN 


MAX 


MIN 


MAX 


1 


TcC 


Clock Cycle Time 


400 


4000 


250 


4000 


ns 


2 


TwCh 


Clock Width (High) 


170 


2000 


105 


2000 


ns 


3 


TwCI 


Clock Width (Low) 


170 


2000 


105 


2000 


ns 


4 


TrC 


Clock Rise Time 




30 




30 


ns 


5 


TfC 


Clock FallTime 




30 




30 


ns 


6 


Th 


Hold Time for Any Specified 
Setup Time 












ns 


7 


TsC{Cr) 


lORQ, WR, CE 1 to Clock f Setup 


280 




145 




ns 


8 


TdDO(RDf) 


RD to Data Output Delay 




500 




380 


ns 


9 


TsWM(Cr) 


Data In to Clock \ Setup (WR or Ml ) 


50 




50 




ns 


10 


TdCf{DO) 


lORQlto Data Out Delay (INTA Cycle) 




340 




1 60 


ns 
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INACTIVE STATE AC CHARACTERISTICS (Continued) 












NO 


SYM 


PARAMETER 


MK3883 


MK3883-4 


UNIT 


MIN 


MAX 


MIN 


MAX 


11 


TdRD(Dz) 


RD^to Data Float Delay (output buffer 
disable) 




160 




110 


ns 


12 


TslEI(IORQ) 


lEI 1 to lORO 1 Setup (INTA Cycle) 


140 




140 




ns 


13 


TdlEOr(IEIr) 


lEI f to lEO f Delay 




210 




160 


ns 


14 


TdlEOf(IElf) 


lEI 1 to lEO j Delay 




190 




130 


ns 


15 


TdMI(IEO) 


Mifto IEO| Delay (interrupt just prior 
toMl|) 




300 




190 


ns 


16 


TsMlf(Cr) 


R/Til to Clock f Setup 


210 




90 




ns 


17 


TsMlr(Cf) 


Ml f to Clock 1 Setup 


20 









ns 


18 


TsRD(C) 


RD i to Clock f Setup (MT Cycle) 


240 




115 




ns 


19 


Tdl(INT) 


Interrupt Cause to INT | Delay (INT 
generated only when DMA is 
inactive) 




500 




500 


ns 


20 


TdBAIr 
(BAOr) 


BAI 1 to BAO f Delay 




200 




150 


ns 


21 


TdBAIf 
(BAOf) 


BAI j to BAO 1 Delay 




200 




150 


ns 


22 


TsRDY(Cr) 


RDY Active to Clock ^ Setup 


150 




100 




ns 



ACTIVE STATE AC CHARACTERISTICS 

(See Figure 22) 



NO 


SYM 


PARAMETER 


MK3883 


MK3883-4 


MIN(ns) 


MAX(ns) 


MIN(ns) 


MAX(ns) 


1 


TcC 


Clock Cycle Time 


400 




250 




2 


TwCh 


Clock Width (High) 


180 


2000 


110 


2000 


3 


TwCI 


Clock Width (Low) 


180 


2000 


110 


2000 


4 


TrC 


Clock Rise Time 




30 




30 


5 


TfC 


Clock Fall Time 




30 




30 


6 


TdA 


Address Output Delay 




145 




110 


7 


TdC(Az) 


Clock j to Address Float Delay 




110 




90 


8 


TsA(MREQ) 


Address to MREQ 1 Setup (Memory Cycle) 


(2)+(5)-75 




(2)+(5)-75 




9 


TsA(IRW) 


Address Stable to lORQ, RD, WR 1 Setup 
(I/O Cycle) 


(1)-80 




(1)-70 




*10 


TdRW(A) 


RD, WR fto Addr. Stable Delay 


(3)+(4)-40 




(3)+(4)-50 




*11 


TdRW(Az) 


RD, WR f to Addr. Float 


(3)+(4)-60 




(3)+(4)-45 




12 


TdCf(DO) 


Clock 1 to Data Out Delay 




230 




150 
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ACTIVE STATE AC CHARACTERISTICS 










NO 


SYM 


PARAMETER 


MK3883 


MK3883-4 


MIN(ns) 


MAX(ns) 


MIN(ns) 


MAX(ns) 


*13 


TdCr(Dz) 


Clock^ to Data Float Delay (Write Cycle) 




90 




90 


14 


TsDI(Cr) 


Data In to Clock f Setup (Read cycle when 
rising edge ends read) 


50 




35 




15 


TsDI(Cf) 


Data In to Clock ^ Setup (Read cycle when 
falling edge ends read) 


60 




50 




*16 


TsDO(WfM) 


Data Out to WR X Setup (Memory Cycle) 


(1)-210 




(1)-170 




17 


TsDO(Wfl) 


Data Out to WR | Setup (I/O cycle) 


100 




100 




*18 


TdWr(DO) 


WR i to Data Out Delay 


(3)+(4)-80 




(3)+(4)-70 




19 


Th 


Hold Time for Any Specified Setup Time 












*20 


TdCr(Mf) 


Clock 1 to MREQ j Delay 




100 




85 


21 


TdCf(Mf) 


Clock 1 toMREQ ,, Delay 




100 




85 


22 


TdCr(Mr) 


Clock 1 to MREOf Delay 




100 




85 


23 


TdCf(Mr) 


Clock 1 to MREQ f Delay 




100 




85 


24 


TwMI 


MREQ Low Pulse Width 


(1)-40 




(1)-30 




*25 


TwMh 


MREQ High Pulse Width 


(2)+(5)-30 




(2)+(5)-20 




26 


TdCr(lf) 


Clock f to lORQ 1 Delay 




90 




75 


27 


TdCf(lf) 


Clock 1 to lORQ 1 Delay 




110 




85 


28 


TdCr(lr) 


Clock f to lORQ + Delay 




100 




85 


*29 


TdCf{lr) 


Clock 1 to lORQ t Delay 




110 




85 


30 


TdCr(Rf) 


Clock f to RD 1 Delay 




100 




85 


31 


TdCflRf) 


Clock 1 to RD i Delay 




130 




95 


32 


TdCr(Rr) 


Clock t to RD 1 Delay 




100 




85 


33 


TdCf(Rr) 


Clock I to RD f Delay 




110 




85 


34 


TdCrlWf) 


Clock t to WR 1 Delay 




80 




65 


35 


TdCf(Wf) 


Clock I to WR 1 Delay 




90 




80 


*36 


TdCr(Wr) 


Clock f to WR f Delay 




100 




80 


37 


TdCf(Wr) 


Clock 1 to WR f Delay 




100 




80 


38 


TwWI 


WR Low Pulse Width 


(1)-40 




(1)-30 




39 


TsWA(Cf) 


WAIT to Clock 1 Setup 


70 




70 




40 


TdCr{B) 


Clock t to BUSRQ Delay 




100 




100 


41 


TdCr(lz) 


Clock f to lORQ, MREQ, RD, WR Float Delay 




100 




80 



NOTES: 

1 . Numbers in parentheses are other parameter-numbers in this table; their 3. Data must be enabled onto data bus when RD is active. 

values should be substituted in equations. 4. Asterisk!*) before parameter number means the parameter is not illustrated 

2. All equations imply DMA default (standard) timing. in the AC Timing Diagrams. 
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rNACTIVE STATE CHARACTERISTICS 
Figure 21 
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ACTIVE STATE CHARACTERISTICS 
Figure 22 



MEMORY CYCLE 



I/O CYCLE 



"1" "O'- 
CLOCK 4.2V 0.8V FLOAT 
OUTPUT 2.0V 0.8V AV = +0.5V 
INPUT 2.0V 0.8V 
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ORDERING INFORMATION 



PART NO. 


PACKAGE TYPE 


MAX CLOCK FREQUENCY 


TEMPERATURE RANGE 


MK3883N 
MK3883P 


Z80-DMA Plastic 
Z80-DMA Ceramic 


2.5 MHz 
2.5 MHz 


0°C to +70°C 
0°Cto+70°C 


MK3883N-10 
MK3883P-10 


Z80-DMA Plastic 
Z80-DMA Ceramic 


2.5 MHz 
2.5 MHz 


-40°C to +85°C 
-40°C to +85°C 


MK3883N-4 
MK3883P-4 


Z80A-DMA Plastic 
Z80A-DMA Ceramic 


4 MHz 
4 MHz 


0°C to +70°C 
0°C to +70X 
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1.0 GENERAL INFORMATION 

1.1 INTRODUCTION 

The Mostek Z80-SIO (Serial Input/Output) is a dual-channel, multi-function peripheral component 
designed to satisfy a wide variety of serial data communications requirements in microcomputer 
systems. Its basic function is a serial-to-parallel, parallel-to-serial converter/controller, but, within that 
role, it is configurable by systems software so its "personality" can be optimized for a given serial data 
communications application. 

The Z80-SIO is capable of handling asynchronous and synchronous byte-oriented protocols, such as 
IBM Bisync, and synchronous bit-oriented protocols, such as HDLC and IBM SDLC. This versatile 
device can also be used to support virtually any other serial protocol for applications other than data 
communications (cassette or floppy disk interface, for example). 

The Z80-SIO can generate and check CRC codes in any synchronous mode and can be programmed to 
check data integrity in various modes. The device also has facilities for modem controls in both 
channels. In applications where these controls are not needed, the modem controls can be used for 
general-purpose I/O. 

1.2 STRUCTURE 

■ N-channel silicon-gate depletion- load technology 

■ 40-pin DIP 

■ Single 5V power supply 

■ Single-phase 5V clock 

■ All inputs and outputs TTL compatible 

1.3 FEATURES 

■ Two independent full-duplex channels 

■ Data rates in synchronous or isosynchronous modes: 

0-550K bits/second with 2.5 MHz system clock rate 
0-800K bits/second with 4.0 MHz system clock rate 

■ Receiver data registers quadruply buffered; transmitter doubly buffered. 

■ Asynchronous features: 

• 5, 6, 7 or 8 bits/character 

• 1, 1 1/2 or 2 stop bits 

• Even, odd or no parity 

• x1 , x1 6, x32 and x64 clock modes 

• Break generation and detection 

• Parity, overrun and framing error detection 

• Binary synchronous features: 

° Internal or external character synchronization 

° One or two sync characters in separate registers 

° Automatic sync character insertion 

° CRC generation and checking 

• HDLC and IBM SDLC-features: 

° Abort sequence generation and detection 

° Automatic zero insertion and deletion 

° Automatic flag insertion between messages 

° Address field recognition 

° l-field residue handling 

° Valid receive messages protected from overrun 

° CRC generation and checking 

• Separate modem control inputs and outputs for both channels 

• CRC-1 6 or CRC-CCITT block check 

• Daisy-Chain Priority interrupt logic provides automatic interrupt vectoring without external logic 

• Modem status can be monitored 
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Z80-SIO BLOCK DIAGRAM 
Figure 1 .0 
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MK3884 PIN CONFIGURATION 
Figure 1.1 
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MK3885 PIN CONFIGURATION 
Figure 1 .2 
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1.4 PIN DESCRIPTION 

DQ-Dy. System Data Bus (bidirectional, 3-state). The system data bus transfers data and commands 
between the CPU and the Z80-SIO. Dq is the least significant bit. 

B/A. Channel A Or B Select (input, High selects Channel B). This input defines which channel is 
accessed during a data transfer between the CPU and the Z80-SIO. Address bit Aq from the CPU is 
often used for the selection function. 
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C/B. Control Or Data Select (input. High selects Control). This input defines the type of information 
transfer performed between the CPU and the Z80-SIO. A High at this input, during a CPU write to the 
Z80-SIO, caus£S the information on the data bus to be interpreted as a command for the channel 
selected by B/A. A Low at C/D means that the information on the data bus is data. Address bit A-i is 
often used for this function. 

CE. Chip Enable (input, active Low). A Low level at this input enables the Z80-SIO to accept command 
or data inputs from the CPU during a write cycle, or to transmit data to the CPU during a read cycle. 

$. System Clock (input). The Z80-SIO uses the standard Z80A System Clock to synchronize internal 
signals. This is a single-phase clock. 

Ml . Machine Cycle One (input from Z80-CPU, active Low). When Ml is active a nd RD is also active, 
the Z80-CPU is fetching an ins truction from memory. When Ml is active, while lORQ is active, the 
Z80-SI0 accepts Ml and lORQ as an interrupt acknowledge if the Z80-SIO is the highest priority device 
that has interrupted the Z80-CPU. 



lORQ. Input/Output Request (input from CPU, active Low). lORQ is used in conjunctio n w i th B /A, 
C/D, C E and RD to transfer commands and data between the CPU and the Z80-SIO. When CE, RD and 
lOR Qarea ll active, the channel selected by B/A transfers data to tlie CPU (a read operation). When CE 
and lORQ are active, but RD is inactive, the channel selected by B/A is writte n to by t he CPU with either 
data or control information, as specified by C/D. As mentioned previously. If lORQ and M1 are active 
simultaneously, the CPU is acknowledging an interrupt and the Z80-SIO automatically places its 
interrupt vector on the CPU data bus, if it is the highest priority device requesting an interrupt. 

RB. Read Cyde Status, (input from CPU, a ctive L ow). If RD is active, a memory or I/O read operation is 
in progress. RD is used with B/A, CE and lORQ to transfer data from the Z80-SIO to the CPU. 

RESET. Reset (input, active Low). A Low RESET disables both receivers and transmitters, forces TxDA 
and TxDB marking, forces the modem controls High and disables all interrupts. The control registers 
must be rewritten after the Z80-SIO is reset and before data is transmitted or received. 

lEI. Interrupt Enable In (input, active High). This signal is used with lEO to form a priority daisy chain 
when there is more than one interrupt-driven device. A High on this line indicates that no other device 
of higher priority is being serviced by a CPU interrupt service routine. 

lEO. Interrupt Enable Out (output, active High). lEO is High only if lEI is High and the CPU is not 
servicing an interrupt from this Z80-SIO. Thus, thjs signal blocks lower priority devices from 
interrupting while a higher priority device is being serviced by its CPU interrupt service routine. 

Int. Interrupt Request (output, open drain, active Low). When the Z80-SIO Is requesting an Interrupt, 
it pulls INT Low. 

W/RDYA, W/RDYB. Wait/Ready A, Wait/Ready B (outputs, open drain when programmed for 
Wait function, driven High and Low when programmed for Ready function). These dual-purpose 
outputs may be programmed as Ready lines for a DMA controller or as Wait lines that synchronize the 
CPU to the Z80-SIO data rate. The reset state is open drain. 



CIS A, CTSB. Clear To Send (Inputs, active Low). When programmed as Auto Enables, a Low on 
these inputs enables the respective transmitter. If not programmed as Auto Enables, these inputs may 
be programmed as general-purpose inputs. Both Inputs are Schmitt-trigger buffered to accommodate 
slow-risetime inputs. TheZ80-SI0 detects pulses on these inputs and interrupts the CPU on both logic 
level transitions. The Schmitt-trigger inputs do not guarantee a specified noise-level margin. 



DCDA, DCDB. Data Carrier Detect (inputs, active Low). These signals are similar to the CTS Inputs, 
except they can be used as receiver enables. 

RxDA, RxDB. Receive Data (inputs, active High). 

TxDA, TxDB. Transmit Data (outputs, active High). 
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RxCA, RxCB*. Receiver Clocks (inputs). See the following section on bonding options. The Receive 
Clocks may be 1 , 1 6, 32 or 64 times the data rate in asynchronous modes. Receive data is sampled on 
the rising edge of RxC. 



TxCA, TxCB*. Transmitter Clocks (inputs). See section on bonding options. In asynchronous modes, 
the Transmitter clocks may be 1 , 1 6, 32 o r 64 t imes the data rate. The multiplier for the transmitter and 
the receiver must be the same. Both the TxC and RxC inputs are Schmitt-trigger buffered for relaxed 
rise-and fall-time requirements (no noise margin is specified). TxD changes on the falling edge of TxC. 

RTSA, RTSB. Request To Send (outputs, active Low). When the RTS bit is set, the RTS output goes 
low. When the RTS bit is reset in the Asyn chronous mode, the output goes High after the transmitter is 
empty. In Synchronous modes, the RTS pin strictly follows the state of the RTS bit. Both pins can be 
used as general purpose outputs. 

DTRA, DTRB. Data Terminal Ready (outputs, active Low). See note on bonding options. These 
outputs follow the state programmed into the DTR bit. They can also be programmed as general- 
purpose outputs. 



SYNC A, SYNC B. Synchronization (inputs/outputs, active Low). These pins can act e ither as inputs 
or outputs. In the Asynchronous Receive mode, they are inputs similar to CTS and DCD. In this mode, 
the transitions on these lines affect the state of the Sync/Hunt status bits in RR O.Inthe External Sync 
mode, these lines also act as input s. Wh en external synchroniz ation is achieved, SYNC must be driven 
Low on the second rising edge of RxC after that rising edge of RxC, on which the last bit of the sync 
character was received. In other words, after t he syn c pattern is detected, the external logic must wait 
for two full Receive Clock cycles to activate the SYNC Input. Once SYNC is forced Low, it is wise to keep 
it Low until the CPU informs the external sync logic that synchronization h as be en lost or a new 
message is about to start. Character assembly begins on the rising edge of RxC that immediately 
precedes the falling edge of SYNC in the External Sync mode. 

In the Internal Synchonrization mode (Monosync and Bisync), these pins act as outputs that are active 
during the part of the receive clock (RxC) cycle in which sync characters are recognized. The sync 
condition is not latched, so these outputs are active each time a sync pattern is recognized, regardless 
of character boundaries. 

1.5 BONDING OPTIONS 

The constraints of a 40-pin package make it impossible to bring out the Receive Clock, Transmit Clock, 
Data Terminal Ready and Sync signals for both channels. Therefore, Channel B must sacrifice a signal 
or have two signals bonded together. Since us er req uire ments vary, three bondings options are offered: 

MK3884 Z80-SIO has all fo ur sign als, but Tx CB and RxCB are bonded together (Fig. 1.1). 

MK3885 Z80-SIO sacrifices DTRB a nd keeps T xCB, RxCB a nd S YNCB (Fig. 1 .2). 

MK3887 Z80-SIO sacrifices SYNCB and keeps TxCB, RxCB and DTRB (Fig. 1 .3). 

*These clocks may be directly driven by the Z80-CTC (Counter Timer Circuit) for fully programmable 
baud rate generation. 
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MK3887 PIN CONFIGURATION 
Figure 1.3 
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2.0 ARCHITECTURE 

2.1 INTRODUCTION 

The device internal structure includes a Z80-CPU interface, internal control and interrupt logic and two 
full-duplex channels. Associated with each channel are read and write registers and discrete control 
and status logic that provide the interface to modems or other external devices. 

The read and write register group includes five 8-bit control registers, two sync-character registers and 
two status registers. The interrupt vector is written into an additional 8-bit register (Write Register 2) in 
Channel B that may be read through Read Register 2 in Channel B. The registers for both channels are 
designated in the text as follows: 

WR0-WR7 - Write Registers through 7 

RR0-RR2 - Read Registers through 2 

The bit assignment and functional grouping of each register is configured to simplify and organize the 
programming process. Table 2.1 illustrates the functions assigned to each read or write register. 

FUNCTIONAL ASSIGNMENTS OF READ AND WRITE REGISTERS 

Table 2.1 

REGISTER FUNCTION 

WRO Register pointers, CRC initialize, initialization commands for the various modes, etc. 

WR1 Transmit/Receive interrupt and data transfer mode definition 

WR2 Interrupt vector (Channel B only) 

WR3 Receive parameters and controls 

WR4 Transmit/Receive miscellaneous parameters and modes 

WR5 Transmit parameters and controls 

WR6 Sync character of SDLC address field 

WR7 Sync character of SDLC flag 

(a) Write Register Functions 

RRO Transmit/Receive buffer status, interrupt status and external status 

RRl Special Receive Condition status 

RR2 Modified interrupt vector (Channel B only) 

(b) Read Register Functions 

The logic for both channels provides formats, synchronization and valida tion f or data transferred to and 
from the channel interface. The modem control inputs. Clear to Send (CTS) and Data Carrier Detect 
(DCD), are monitored by the discrete control logic under program control. All the modem control signals 
are general purpose in nature and can be used for functions other than modem control. 

For automatic interrupt vectoring, the interrupt control logic determines which channel and which 
device within the channel has the highest priority. Priority is fixed with Channel A assigned a higher 
priority than Channel B; Receive, Transmit and External/Status interrupts are prioritized in that order 
within each channel. 

2.2 DATAPATH 

The transmit and receive data paths for each channel are shown in Figure 2. 1 . The receiver has three 
8-bit buffer registers in a FIFO arrangement (to provide a 3-byte delay) in addition to the 8-bit receive 
shift register. This arrangement creates additional time for the CPU to service an interrupt at the 
beginning of a block of high-speed data. The receive error FIFO stores parity and framing errors and 
other types of status information for each of the three bytes in the receive data FIFO. 

Incoming data is routed through one of several paths depending on the mode and character length. In 
the Asynchronous mode, serial data is entered into the 3-bit buffer if it has a character length of seven 
or eight bits, or is entered into the 8-bit receive shift register if it has a length of five or six bits. 

In the Synchronous mode, however, the data path is determined by the phase of the receive process 
currently in operation. A Synchronous Receive operation begins with the receiver in the Hunt phase, 
during which the receiver searches the incoming data stream for a bit pattern that matches the 
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TRANSMIT AND RECEIVE DATA PATH 
Figure 2.1 
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preprogrammed sync characters (or flags in the SDLC mode). If the device is programmed for 
Monosync Hunt, a match is made with a single sync character stored in WR7. In Bisync Hunt, a match 
is made with dual sync characters stored in WR6 and WR7. 

In either case, the incoming data passes through the receive sync registers and is compared against the 
programmed sync character in WR6 or WR7. In the Monosync mode, a match between the sync 
character programmed into WR7 and the character assembled in the receive sync register establishes 
synchronization. 

In the Bisync mode, however, incoming data is shifted to the recdive shift register while the next 
eight bits of the message are assembled in the receive sync register. The match between the 
assembled character in the receive sync registers with the programmed sync character in WR6, and 
WR7 establishes synchronization. Once synchronization is established, incoming data bypasses the 
receive sync register and directly enters the 3-bit buffer. 

In the SDLC mode, incoming data first passes through the receive sync register, which continuously 
monitors the receive data stream and performs zero deletion when indicated. Upon receiving five 
contiguous I's, the sixth bit is inspected. If the sixth bit is a 0, it is deleted from the data stream. If the 
sixth bit is a 1 , the seventh bit is inspected, if that bit is a 0, a Flag sequence has been received; if it is a 1 , 
an Abort sequence has been received. 

The reformatted data enters the 3-bit buffer and is transferred to the receive shift register. Note that the 
SDLC receive operation also begins in the Hunt phase, during which the Z80-SIO tries to match the 
assembled character in the receive shift register with the flag pattern In \NR7. Once the first flag 
character is recognized, all subsequent data is routed through the same path, regardless of character 
length. 
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Although the same CRC checker is used for both SDLC and synchronous data, the data path taken for 
each mode is different. In Bisync protocol, a byte-oriented operation requires that the CPU decide to 
include the data character in CRC. To allow the CPU ample time to make this decision, the Z80-SIO 
provides an 8-bit delay for sychronous data. In the SDLC mode, no delay is provided since the Z80-SIO 
contains logic that determines the bytes on which CRC is calculated. 

The transmitter has an 8-bit transmit data register that is loaded from the internal data bus and a 20-bit 
transmit shift register that can be loaded from WR6, WR7 and the transmit data register. WR6 and 
WR7 contain sync characters in the Monosync or Bisync modes or address field (one character long) 
and flag, respectively, in the SDLC mode. During Synchronous modes. Information contained in WR6 
and WR7 is loaded into the transmit shift register at the beginning of the message and, as a time filler, 
in the middle of the message if a Transmit Underrun condition occurs. In the SDLC mode, the flags are 
loaded into the transmit shift register at the beginning and end of message. 

Asynchronous data in the transmit shift register is formatted with start and stop bits and is shifted out to 
the transmit multiplexer at the selected clock rate. 

Synchronous (Monosync or Bisync) data is shifted out to the transmit multiplexer and also to the CRC 
generator at the x 1 clock rate. 

SDLC/HDLC data is shifted out through the zero insertion logic, which is disabled while the flags are 
being sent. For all other fields (address, control and frame check) a is inserted following five 
contiguous 1 's in the data stream. The CRC generator result for SDLC data is also routed through the 
zero insertion logic, 

2.3 FUNCTIONAL DESCRIPTION 

The functional capabilities of the Z80-SIO can be described from two different points of view: as a data 
communications device, it transmits and receives serial data, and meets the requirements of various 
data communications protocols; as a Z80 family peripheral, it interacts with the Z80-CPU and other Z80 
peripheral circuits, and shares their data, address and control busses, as well as being a part of theZSO 
interrupt structure. As a peripheral to other microprocessors, the Z80-SIO offers valuable features such 
as non-vectored interrupts, polling, and simple handshake capabilities. 

The first part of the following functional description describes the interaction between the CPU and 
Z80-SI0; the second part introduces its data communications capabilities. 

2.3.1 I/O CAPABILITIES 

The Z80-SIO offers the choice of Polling, Interrupt (vectored or non-vectored) and Block 
Transfer modes to transfer data,status,and control information to and from the CPU. The Block 
Transfer mode can be implemented under CPU or DMA control. 

Polling. The Polled mode avoids interrupts. Status registers RRO and RR1 are updated at 
appropriate times for each function being performed (for example, CRC Error status valid at the 
end of the message). All the interrupt modes of the Z80-SIO must be disabled to operate the 
device in a polled environment. 

While in its Polling sequence, the CPU examines the status contained in RRO for each 
channel; the RRO status bits serve as an acknowledge to the Poll inquiry. The two RRO status 
bits Dq and D2 indicate that a receive or transmit data transfer is needed. The status also 
indicates Error or other special status conditions (see "Z80-SIO Programming"). The Special 
Receive Condition status continued in RR1 does not have to be read in a Polling sequence 
because the status bits in RR1 are accompanied by a Receive Character Available status in 
RRO. 

Interrupts. The Z80-SIO offers an elaborate interrupt scheme to provide fast interrupt 
response in real-time applications. As mentioned earlier, Channel B registers WR2 and RR2 
contain the interrupt vector that points to an interrupt service routine in the memory. To 
service operations in both channels and to eliminate the necessity of writing a status analysis 
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routine, the Z80-SIO can modify the interrupt vector in RR2 so it points directly to one of eight 
interrupt service routines. This is done under program control by setting a program bit (WRl , 
D2) in Channel B called "Status Affects Vector." When this bit is set, the interrupt vector in 
WR2 is modified according to the assigned priority of the various interrupting conditions. The 
table in the Write Register 1 description (Z80-SIO Programming section) shows the 
modification details. 

Transmit Interrupts, Receive interrupts and External/Status interrupts are the main sources 
of interrupts (Figure 5). Each interrupt source is enabled under program control with Channel 
A having a higher priority than Channel B, and with Receiver, Transmit and External/Status 
interrupts prioritized in that order within each channel. When the Transmit interrupt Is 
enabled, the CPU is interrupted by the transmit buffer becoming empty. (This implies that the 
transmitter must have had a data character written into it so it can become empty.) When 
enabled, the receiver can interrupt the CPU in one of three ways: 

Interrupt on first receive character 

Interrupt on all receive characters 

Interrupt on a Special Receive condition 

Interrupt On First Character is typically used with the Block Transfer mode. 

Interrupt On All Receive Characters has the option of modifying the interrupt vector in the 
event of a parity error. The Special Receive Condition interrupt can occur on a character or 
message basis (End Of Frame interrupt in SDLC, for example). The Special Receive 
condition can cause an interrupt only if the Interrupt On First Receive Character or Interrupt 
On All Receive Characters mode is selected. In Interrupt On First Receive Character, an 
interrupt can occur from Special Receive conditions (except parity Error) after the first 
receive character interrupt (example: Receive Overrun interrupt). 



The main fun ction of the External/Status Interrupt Is to monitor the signal transitions of the 
CTS, DCD and SYNC pins; however, an External/Status interrupt is also caused by a Transmit 
Underrun condition or by the detection of a Break (Asynchronous mode) or Abort (SDLC mode) 
sequence in the data stream. The interrupt caused by the Break/Abort sequence has a special 
feature that allows the Z80-SIO to interrupt when the Break/ Abort sequence is detected or 
terminated. The feature facilitates the proper termination of the current message, correct 
initialization of the next message, and the accurate timing of the Break/ Abort conditon in 
external logic. 



IIMTERRUPT STRUCTURE 
Figure 2.2 



RECEIVE CHARACTER 



PARiry ERROR 
RECEIVE OVERRUN ERROR 
FRAMING ERROR 
END OF FRAME (SDLC) 



FIRST DATA CHARACTER 

FIRST NON-SYNC CHARACTER (SYNC) 

VALID ADDRESS BYTE (SDLC) 



DCD TRANSITION 
CTS TRANSITION 
SYNC TRANSITION 
Tx UNDERRUN/EOM 
BREAK/ ABORT DETECTION 



BUFFER BECOMING EMPTY 



SPECIAL RECEIVE 
CONDITION INTERRUPT ' 



INTERRUPT ON ALL 
RECEIVE CHARACTERS 



INTERRUPT ON 
' FIRST CHARACTER 



RECEIVE 
INTERRUPT 



EXTERNAL STATUS 
INTERRUPT 



Z80-SIO 
INTERRUPT 



TRANSMIT INTERRUPT 



111-190 



CPU/ DMA Block Transfer. TheZ80-SI0 provides a Block Transfer mode to accommodate 
block transfer functions and DMA con trollers (Z80-DMA or other designs). The Block 
Transfer mode uses t he WAIT/ READ Y output in conjunction with the Wait/Ready bits of 
Write Register 1 . The WAIT/READY output can be defined under software control as a 
WAIT line in the CPU Block Transfer mode or as a READY line in the DMA Block Transfer 
mode. 

To a DMA controller, the Z80-SIO READY output indicates that the Z80-SIO is ready to 
transfer data to or from memory. To the CPU, the WAIT output Indicates that the Z80-SIO is 
not ready to transfer data, thereby requesting the CPU to extend the I /O cycle. The 
programming of bits 5, 6 and 7 of Write Register 1 and the logic states of the WAIT/READY 
line are defined in the Write Register 1 description (Z80-SIO Programming section.) 

2.3.2 DATA COMMUNICATIONS CAPABILITIES 

In addition to the I/O capabilities previously discussed, theZ80-SIO provides two independent 
full-duplex channels as well as Asynchronous, Synchronous and SDLC (HDLC) operational 
modes. These modes facilitate the implementation of commonly used data communications 
protocols. 

The specific features of these modes are described in the following sections. To preserve the 
independence and completeness of each section, some information common to all modes is 
repeated. 
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3.0 ASYNCHRONOUS OPERATION 



3.1 INTRODUCTION 



To receive or transmit data in the Asynchronous mode, the Z80-SIO must be initialized with the 
following parameters: character length, clock rate, number of stop bits, even or odd parity, interrupt 
mode, and receiver or transmitter enable. The parameters are loaded into the appropriate write 
registers by the system program. WR4 parameters must be issued before WR1, WR3,and WR5 
parameters or commands. 



If the data is transm i tted over a modem or RS232C Interface, the REQUESTTO SEND (RTS) and DATA 
TERMINAL READY (DTR) outputs must be set along with the Transmit Enable bit. Transmission cannot 
begin until the Transmit Enable bit is set. 



The Auto Enables feature all ows the programmer to send the first data character of the message to the 
Z80-SIO without waiting for CTS. If the A uto Enable s bit is set, the Z80-SIO will wait for the CTS pin to 
go Low before it begins data transmission. CTS,DCD,and SYNC are general-purpose I/O lines that may 
be used for functions other than their labeled purposes. If CTS is used for another purpose, the Auto 
Enables Bit must be programmed to 0. 




Figure 3.1 illustrates asynchronous message formats. Table 3.1 showsWR3,WR4,and WR5 with bits 
set to indicate the applicable modes, parameters, and commands in asynchronous modes. WR2 
(Channel B only) stores the interrupt vector and WR1 defines the interrupt modes and data transfer 
modes. WR6 and WR7 are not used in asynchronous modes. Table 3.2 shows the typical program 
steps that implement a full-duplex receive/transmit operation in either channel. 

3.2 ASYNCHRONOUS TRANSMIT 

The Transmit Data output (TxD) Is held marking (High) when the transmitter has no data to send. Under 
program control, the Send Break (WR5, D4) command can be issued to hold TxD spacing (Low) until the 
command is cleared. 

The Z80-SIO automatically adds the start bit, the programmed parity bit (odd, even or no parity) and the 
programmed number of stop bits to the data character to be transmitted. When the character length Is 
six or seven bits, the unused bits are automatically ignored by the Z80-SIO. If the character length is five 
bits or less, refer to the table in the Write Register 5 description (Z80-SIO Programming section) for the 
data format. 

Serial data is shifted from TxD at a r ate e qual to 1 , 1 /1 6th, 1 /32nd, or 1 /64th of the clock rate 
supplied to the Transmit Clock input (TxC). Serial data is shifled out on the falling edge of (TxC). 



If set, the External/Status Interrupt mode monitors the status of DCD, CTS and SYNC throughout the 
transmission of the message. If these inputs change for a period of time greater than the minimum 
specified pulse width, the interrupt Is generated. In a transmit operation, this feature Is used to monitor 
the modem control signal CTS. 



ASYNCHRONOUS MESSAGE FORMAT 
Figure 3.1 
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3.3 ASYNCHRONOUS RECEIVE 

Asynchronous Receive operation begins when the Receive Enable bit is set. If the Auto Enables option 
is selected, DCD must be Low as well. A Low (spacing) condition on the Receive Data input (RxD) 
indicates a start bit. If this Low persists for at least one-half of a bit time, the start bit is assumed to be 
valid and the data input is then sampled at mid-bit time until the entire character is assembled. This 
method of detecting a start bit improves error rejection when noise spikes exist on an otherwise 
marking line. 

If the x1 clock mode is selected, bit synchronization must be accomplished externally. Receive data is 
sampled on the rising edge of RxC. The receiver inserts 1 's when a character length of other than eight 
bits is used. If parity is enabled, the parity bit is not stripped from the assembled character for character 
lengths other than eight bits. For lengths other than eight bits, the receiver assembles a character 
length of the required number of data bits, plus a parity bit and 1 's for any unused bits. For example, the 
receiver assembles a 5-bit character with the following format: 11 P D4 D3 D2 D| Dq. 

Since the receiver is buffered by three 8-bit registers in addition to the receive shift register, the CPU 
has enough time to service an interrupt and to accept the data character assembled by the Z80-SIO. 
The receiver also has three buffers that store error flags for each data character in the receive buffer. 
These error flags are loaded at the same time as the data characters. 

After a character is received, it is checked for the following error conditions: 

When parity is enabled, the Parity Error bit (RR 1 , D4) is set whenever the parity bit of the character does 
not match with the programmed parity. Once this bit is set it remains set until the Error Reset 
Command (WRO) is given. 

CONTENTS OF WRITE REGISTERS 3, 4 and 5 in ASYNCHRONOUS MODES 
Table 3.1 
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ENABLE 












1 1 = Tx 8 B 


ITS/CHAR 













The Framing Error bit (RR1 , Dg) is set if the character is assembled without any stop bits (that 
is a Low level detected for a stop bit). Unlike the Parity Error bit, this bit is set (and not latched) 
only for the character on which it occurred. Detection of framing error adds an additional 
one-half of a bit time to the character time so the framing error is not interpreted as a new 
start bit. 
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ASYNCHRONOUS MODE 
Table 3.2 



FUNCTION 



TYPICAL PROGRAM STEPS 



COMMENTS 



REGISTER: INFORMATION LOADED: 



INITIALIZE 



WRO 
WRO 
WR2 
WRO 

WR4 



WRO 
WR3 

WRO 
WR5 



WRO 



CHANNEL RESET 
POINTER 2 
INTERRUPT VECTOR 
POINTER 4, RESET EXTERNAL/STATUS 
INTERRUPT 

ASYNCHRONOUS MODE, PARITY 
INFORMATION, STOP BITS INFORMA- 
TION, CLOCK RATE INFORMATION 
POINTER 3 

RECEIVE ENABLE, AUTO ENABLES, 
RECEIVE CHARACTER LENGTH 
POINTER 5 

REQUEST TO SEND, TRANSMIT 
ENABLE, TRANSMIT CHARACTER 
LENGTH, DATA TERMINAL READY 

POINTER 1, RESET EXTERNAL/STATUS 
INTERRUPT 



Reset SIO 
Channel B only 

Issue Parameters 




Receive and Transmit both fully initialized. 
Auto Enables will enable Tra nsmit ter if 
CTS is active and Receiver if DCD is 
active. 



WR1 TRANSMIT INTERRUPT ENABLE, 

STATUS AFFECTS VECTOR, INTERRUPT 
ON ALL RECEIVE CHARACTERS, 
DISABLE WAIT/READY FUNCTION, 
EXTERNAL INTERRUPT ENABLE 

TRANSFER FIRST DATA BYTE TO SIO 



Transmit/Receive interrupt mode 
selected. External Interrupt monitors the 
status CTS. DCD and SYNC inputs and 
detects the Break sequence. Status 
Affects Vector in Channel B only. 

This data byte must be transferred or no 
transmit interrupts will occur. 



IDLE MODE 



EXECUTE HALT INSTRUCTION 
OR SOME OTHER PROGRAM 



Program is waiting for an interrupt from 
the SIO. 



DATA TRANSFER AND 
ERROR MONITORING 



Z80 INTERRUPT ACKNOWLEDGE CYCLE 
TRANSFERS RR2 TO CPU 

IF A CHARACTER IS RECEIVED: 
TRANSFER DATA CHARACTER TO CPU 
UPDATE POINTERS AND 
PARAMETERS RETURN FROM 
INTERRUPT 

IF TRANSMITTER BUFFER IS EMPTY: 
TRANSFER DATA CHARACTER TO SIO 
UPDATE POINTERS AND 
PARAMETERS RETURN FROM 
INTERRUPT 



When the interrupt occurs, the interrupt 
vector is modified by: 1 . Receive 
Character Available; 2. Transmit Buffer 
Empty; 3. External/Status change; and 4. 
Special Receive condition. 



Program control is transferred to one of 
the eight interrupt service routines. 



IF EXTERNAL STATUS CHANGES: 
TRANSFER RRO TO CPU 
PERFORM ERROR ROUTINES 
(INCLUDE BREAK DETECTION) 
RETURN FROM INTERRUPT 



If used with processors other than the 
Z80, the modified interrupt vector (RR2) 
should be returned to the CPU in the 
Interrupt Acknowledge sequencC 
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ASYNCHRONOUS MODE 
Table 3.2 



FUNCTION TYPICAL PROGRAM STEPS COMMENTS 



RESiSTER: INFORMATION LOADED: 



IF SPECIAL RECEIVE CONDITION 
OCCURS: 

TRANSFER RR1 to CPU 

DO SPECIAL ERROR (e.g. FRAMING 
ERROR) 

RETURN FROM INTERRUPT 



REDEFINE RECEIVE/TRANSMIT When transmit or receive data transfer 

INTERRUPT MODES is complete. 



TERMINATION DISABLE TRANSMIT/RECEIVE MODES 



UPDATE MODEM CONTROL OUTPUTS In transmit the All Sent Status bit 
(e.g. RTS OFF) indicates transmission is complete. 



If the CPU fails to read a data character while more than three characters have been received, the 
Receive Overrun bit (RR1 , D5) is set. When this occurs, the fourth character assembled replaces the 
third character in the receive buffers. With this arrangement, only the character that has been 
written over is flagged with the Receive Overrun Error bit. Like Parity Error, this bit can only be reset 
by the Error Reset command from the CPU. Both the Framing Error and Receive Overrun Error cause 
an interrupt with the interrupt vector indicating a Special Receive condition (if Status Affects Vector 
is selected). 

Since the Parity Error and Receive Overrun Error flags are latched, the error status that is read reflects 
an error In the current word in the receive buffer plus any Parity or Overrun Errors received since the 
last Error Reset command. To keep correspondence between the state of the error buffers and the 
contents of the receive data buffers, the error status register must be read before the data. This is easily 
accomplished if vectored interrupts are used, because a special interrupt vector is generated for these 
conditions. 

While the External/Status Interrupt Is enabled, break detection causes an Interrupt and the Break 
Detected status bit, (RRO, D7), is set. The Break Detected interrupt should be handled by issuing the 
Reset External/Status Interrupt command to the Z80-SIO in response to the first Break Detected 
interrupt that has a Break status of 1 (RRO, D7). The Z80-SIO monitors the Receive Data input and 
waits for the Break sequence to terminate, at which point the Z80-SIO interrupts the CPU with the 
Break status set to 0. The CPU must again issue the Reset External/Status Interrupt command in its 
interrupt service routine to reinitialize the break detection logic. 

The External/Status interrupt also monitors the status of DCD. If the DCD pin becomes inactive for a 
period greater than the minimum specified pulse width, an interrupt is generated with the DCD status 
bit (RRO, D3) set to 1 . Note that the DCD input is inverted in the RRO status register. 

If the status is read after the data, the error data for the next word Is also included if it has been stacked 
in the buffer. If operations are performed rapidly enough so the next character is not yet received, the 
status register remains valid. An exception occurs when the Interrupt On First Character Only mode is 
iselected. A special interrupt in this Mode holds the error data and the character itself (even if read from 
the buffer) until the Error Reset command is issued. This prevents further data from becoming available 
in the receiver until the Reset command is Issued, and allows CPU intervention on the character with 
the error even if DMA or block transfer techniques are being used. 
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If Interrupt On Every Character is selected, the interrupt vector is different if there is an error status in 
RR1 . If a Receiver Overrun occurs, the nnost recent character received is loaded into the buffer; the 
character preceding it is lost. When the character that has been written over is read, the Receive 
Overrun bit is set and the Special Receive Condition vector is returned if Status Affects Vector is 
enabled. 

In a polled environment, the Receive Character Available bit (RRO, Dq) must be monitored so the 
Z80-CPU can know when to read a character. This bit is automatically reset when the receive buffers 
are read. To prevent overwriting data in polled operations, the transmit buffer status must be checked 
before writing Into the transmitter. The Transmit Buffer Empty bit is set to 1 whenever the transmit 
buffer becomes empty. 
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4.0 SYNCHRONOUS OPERATION 



4.1 INTRODUCTION 



Before describing synchronous transmission and reception, the three types of character 
synchronization-Monosync,Bisync, and External Sync-require some explanation. These modes use 
the x1 clock for bot h Tra nsmit and Receive operations. Data is sampled on the rising edge of the 
Recei ve Cl ock input (RxC). Transmitter data transitions occur on the falling edge of the Transmit Clock 
input (TxC). 

The differences between Monosync, Bisync, and External Sync are in the manner in which initial 
character synchronization is achieved. The mode of operation must be selected before sync characters 
are loaded because the registers are used differently in the various modes. Figure 4.1 shows the 
formats for all three of these synchronous modes. 

Monosync. In a Receive operation, matching a single sync character (8-bit sync mode) with the 
programmed sync character stored in WR7 implies character synchronization and enables data 
transfer. 

Bisync. Matching two contiguous sync characters (16-bit sync mode) with the programmed sync 
characters sto red in WR6 and WR7 implies character synchronization. In both the Monosync and 
Bisync modes, SYNC is used as an output and is active for the part of the receive clock that detects the 
sync character. 




External Sync. In this mode, character synchronization is established externally; SYNC is an input 
that indicates that external character synchronization has been achieved. After th e sync pattern is 
detected, the externa I log ic m ust wa it for two full Receive Clock cycle to activate the SYNC i nput. The 
SYNC input must beheld Low until character synchroniz ation i s lost. Character assembly begins on 
the rising edge of RxC that precedes the falling edge of SYNC. 

In all cases after a reset, the receiver is In the Hunt phase, during which the Z80-SIO looks for character 
synchronization. The hunt can begin only when the receiver is enabled, and data transfer can begin 
only when character synchronization has been achieved. If character synchronization is lost, the Hunt 
phase can be re-entered by writing a control word with the Enter Hunt Phase bit set (WR3, D4). In the 
Transmit mode, the transmitter always sends the programmed number of sync bits (8 or 1 6). In the 
Monosync mode, the transmitter transmits for WR6; the receiver compares against WR7. 

SYNCHRONOUS FORMATS 
Figure 4.1 
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In the Monosync, Bisyncs^nd External Sync modes, assembly of received data continues until the 
Z80-SI0 is reset or until the receiver is disabled (by command or DCD in the Auto Enables mode), or 
until the CPU sets the Enter Hunt Phase bit. 

After initial synchronization has been achieved, the operation of the Monosync, Bisync, and External 
Sync modes is quite similar. Any differences are specified in the following text. 

Table 4. 1 shows how WR3,WR4,and WR5 are used in synchronous receive and transmit operations. 
WRO points to other registers and issues various commands, WRl defines the interrupt modes, WR2 
stores the interrupt vector and WR6 and WR7 store sync characters. Table 4.2 illustrates the typical 
program steps that implement a half-duplex Bisync transmit operation. 

CONTENTS OF WRITE REGISTERS" 3,4,AND 5 IN SYNCHRONOUS MODES" ~' 

Table 4.1 



WR3 


BIT 7 BIT 6 

00=Rx 5 BITS/CHAR 
10=Rx 6 BITS/CHAR 
01 =Rx 7 BITS/CHAR 
11 =Rx 8 BITS/CHAR 


BIT 5 BIT 4 

ENTER 
AUTO HUNT 
ENABLES MODE 


BITS 

RxCRC 
ENABLE 


BIT 2 




BIT1 BITO 

SYNC 

CHAR RX 

LOAD ENABLE 

INHIBIT 


WR4 





00-8-BIT SYNC CHAR 
01=1 6-BIT SYNC CHAR 
10=SDLCMODE 
11=EXT SYNC MODE 



SELECTS SYNC 
MODES 


EVEN/ODD PARIW 
PARITY ENABLE 


WR5 


00=Tx 5 BITS (OR 
LESS)/CHAR 
DTR 1 0=Tx 6 BITS/CHAR SEND 
01 =Tx 7 BITS/CHAR BREAK 
11=Tx 8 BITS/CHAR 


Tx 
ENABLE 


1 

SELECTS 

CRC-16 


TxCRC 
RTS ENABLE 





4.2 SYNCHRONOUS TRANSMIT 



4.2.1 INITIALIZATION 



The system program must initialize the transmitter with the following parameters: odd or 
even parity, x1 clock mode, 8- or 16-bit sync character(s), CRC polynomial. Transmitter 
Enables, Request To Send, Data Terminal Ready, interrupt modes, and transmit character 
length. WR4 parameters must be issued before WR1, WR3, WR5, WR6, and WR7 
parameters or commands. 

One of two polynomials CRC-16(xi6 + Xi5 + X2+1)orSDLC(Xi6 + xi2 + x5+1)may be used 
with synchronous modes. In either case(SDLC mode not selected), the CRC generator and 
checker are reset to all O's. In the transmit initialization process, the CRC generator is 
initialized by setting the Reset Transmit CRC Generator command bits (WRO). Both the 
transmitter and the receiver use the same polynomial. 

Transmit Interrupt Enable or Wait/Ready Enable can be selected t o transfer the dat a. The 
External/Status interrupt mode is used to monitor the status of the CLEAR TO SEND input 
as well as theTransmit Underrun/EO M lat ch. Optionally, the Auto Enables' feature can be 
used to enable the transmitter when CTS is active monitored so the Z80-CPU can know 
when to read a character. This bit is automatically reset when the receive buffers are read. 
To prevent overwriting data in polled operations, the transmit buffer status must be checked 
before writing into the transmitter. The Transmit Buffer Empty bit is set to 1 whenever the 
transmit buffer becomes empty. 
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The first data transfer to the Z80-SIO can begin when the External/Status interrupt occurs 
(CTS status bit set) or immediately following the Transmit Enable command (if the Auto 
Enables modes are set). 

Transmit data is held marking after reset or if the transmitter is not enabled. Break may be 
programmed to generate a spacing line that begins as soon as the Send Break bit is set. With 
the transmitter fully initialized and enabled, the default condition is continuous transmission 
of the 8- or 1 6-bit sync character. 

4.2.2 DATA TRANSFER AND STATUS MONITORING 

In this phase, there are several combinations of interrupts and Wait/Ready. 

Data Transfer Using Interrupts. If the Transmit Interrupt Enable bit (WR1 , Di ) is set an 
interrupt is generated each time the transmit buffer becomes empty. The interrupt can be 
satisfied either by writing another character into the transmitter or by resetting the 
Transmitter Interrupt Pending latch with a Reset Transmitter Pending command (WRO, 
CMD5). If the interrupt is satisfied with this command and nothing more is written into the 
transmitter, there can be no further Transmit Buffer Empty interrupts, because it is the 
process of the buffer becoming empty that causes the interrupts. This situation does cause 
a Transmit Underrun condition, which is explained in the "Bisync Transmit Underrun" 
section. 




Data Transfer Using WAIT/READY. To the CPU, the activation of WAIT indicates that the 
Z80-SIO is not ready to accept data and that the CPU must extend the output cycle. To a DMA 
controller, READY indicates that the transmit buffer is empty and that the Z80-SIO is ready to 
accept the next data character. If the data character is not loaded into the Z80-SIO by the time 
the transmit shift register is empty, the Z80-SIO enters the Transmit Underrun condition. 

Bisync Transmit Underrun. In Bisync protocol, filler characters are inserted to maintain 
synchronization when the transmitter has no data to send (Transmit Underrun condition). The 
Z80-SI0 has two programmable options for solving this situation: it can insert sync characters 
or it can send the CRC characters generated so far, followed by sync characters. 

These options are under the control of the Reset Transmit Underrun/EGM command in WRO. 
Following a chip or channel reset, the Transmit Underrun/EOM status bit(RRO, Dg) is in a set 
condition and allows the insertion of sync characters when there is no data to send. CRC Is not 
calculated on the automatically inserted sync characters. When the CPU detects the end of 
message, a Reset Transmit Underrun/EOM command can be issued. This allows CRC to be 
sent when the transmitter has no data. In this case, the Z80-SIO sends CRC, followed by sync 
characters, to terminate the message. 

There is no restriction as to when in the message the Transmit Underrun/EOM bit can be 
reset. If Reset is issued after the first data character has been loaded, the 1 6-bit CRC is sent 
and followed by sync characters the first time the transmitter has no data to send. Because of 
the Transmit Underrun condition, an External/Status interrupt is generated whenever the 
Transmit Underrun/EOM bit becomes set. 

In the case of sync insertion, an interrupt is generated only after the first automatically inserted 
sync character has been loaded. The status indicates the Transmit Underrun/EOM bit and the 
Transmit Buffer Empty bit are set. 

In the case of CRC insertion, the Transmit Underrun/EOM bit is set and the Transmit Buffer 
Empty bit is reset while CRC is being sent. When CRC has been completely sent, the Transmit 
Buffer Empty status bit is set and an interrupt is generated to indicate to the CPU that another 
message can begin (this interrupt occurs because CRC has been sent and sync has been 
loaded). If no more messages are to be sent, the program can terminate transmission by 
resetting RTS and disabling the transmitter (WRS, D3). 

Pad characters may be sent by setting the Z80-SIO to 8-bits/transmit character and writing FF 
to the transmitter while CRC is being sent. Alternatively, the sync characters can be redefined 
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as pad characters during this time. The following example is included to clarify this point: 

The Z80-SIO interrupts with the Transmit Buffer Empty bit set. 

The CPU recognizes that the last character (ETX)of the message has already 
been sent to the Z80-SIO by examining the internal program status. 

To force the Z80-SIO to send CRC, the CPU issues the Reset Transmit 
Underrun/EOM Latch command (WRO) and satisfies the interrupt with the 
Reset Transmit Interrupt Pending command. (This command prevents the 
Z80-SIO from requesting more data.) Because of the transmit underrun 
caused by this command, the Z80-SIO starts sending CRC. The Z80-SIO also 
causes an External/Status interrupt with the Transmit Underrun/EOM latch 
set. 

The CPU satisfies this interrupt by loading pad characters into the transmit 
buffer and issuing the Reset External/Status Interrupt command. 

With this sequence, CRC is followed by a pad character instead of a sync 
character. Note that the Z80-SIO will interrupt with a Transmit Buffer Empty 
interrupt when CRC is completely sent and that the pad character is loaded 
into the transmit shift register. 

From this point on the CPU can send more pad characters or sync characters. 

Bisync CRC Generation. Setting the Transmit CRC enable bit {WR5, Dq) Initiates CRC 
accumulation when the program sends the first data character to the Z80-SI0. Although the 
Z80-SI0 automatically transmits up to two sync characters (1 6-blt sync), it is wise to send a 
few more sync characters ahead of the message (before enabling Transmit CRC) to ensure 
synchronization at the receiving end. 

The transmit CRC Enable bit can be changed on the fly anytime in the message to include or 
exclude a particular data character from CRC accumulation. The Transmit CRC Enable bit 
should be in the desired state when the data character is loaded from the transmit data buffer 
into the transmit shift register. To ensure this bit is in the proper state, the Transmit CRC 
Enable bit must be issued before sending the data character to the Z80-SIO. 

Transmit Transparent Mode. Transparent mode (Bisync protocol) operation is made 
possible by the ability to change Transmit CRC Enable on the fly and by the additional 
capability of inserting 1 6-bit sync characters. Exclusion of the OLE characters from CRC 
calculation can be achieved by disabling CRC calculation immediately preceding the DLE 
character transfer to the Z80-SIO. 

In the case of a Transmit Underrun condition in the Transparent mode, a pair of DLE-SYN 
characters are sent. The Z80-SIO can be programmed to send the DLE-SYN sequence by 
loading a DLE character into WR6 and a sync character into WR7. 

Transmit Termination. The Z80-SIO is equipped with a special termination that maintains 
data integrity and validity. If the transmitter is disabled while a data or sync character is being 
sent, that character is sent as usual, but is followed by a marking line rather than CRC or sync 
characters. When the transmitter isdisabled, a character in the buffer remains in the buffer. If 
the transmitter is disabled while CRC is being sent, the 1 6-bit transmission is completed, but 
sync is sent instead of CRC. 

A programmed break is effective as soon as it is written into the control register; characters in 
the transmit buffer and shift register are lost. 

In all modes, characters are sent with the least significant bits first. This requires right-hand 
justification of transmitted data if the word length is less than eight bits. If the word length is 
five bits or less, the special technique described in the Write Register 5 discussion (Z80-SIO 
Programming section) must be used for the data format. The states of any unused bits in a data 
character are irrelevant, except when in the Five Bits or Less mode. 
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If the External/Status Interrupt Enable bit is set, transmitter conditions such as "starting to 
send CRC characters" "starting to send sync characters," and CTS changing state cause 
interrupts that have a unique vector if Status Affects Vector is set. This interrupt mode may be 
used during block transfers. 

All interrupts may be disabled for operation in a Polled mode or to avoid interrupts at 
inappropriate times during the execution of a program. 

4.3 SYNCHRONOUS RECEIVE 

4.3.1 INITIALIZATION 

The system program initiates the Synchronous Receive operation with the following 
parameters: odd or even parity, 8- or 1 6-bit sync characters, x1 clock mode, CRC polynomial, 
receive character length, etc. Sync characters must be loaded into registers WR6 and WR7. 
The receivers can be enabled only after all receive parameters are set. WR4 parameters must 
be issued before WR1 , WR3, WR5, WR6 and WR7 parameters or commands. 

After this is done, the receiver is in the Hunt phase. It remains in this phase until character 
synchronization is achieved. Note that, under program control, all the leading sync characters 
ofthe message can be inhibited from loading the receive buffers bysetting the Sync Character 
Load Inhibit bit in WR3. 

4.3.2 DATA TRANSFER AND STATUS MONITORING 

After character synchronization is achieved, the assembled characters are transferred to the 
receive data FIFO. The following four interrupt modes are available to transfer the data and its 
associated status to the CPU. 

No Interrupts Enabled. This mode is used for a purely polled operation or for off-line 
conditions. 

Interrupt On First Character Only. This mod e is normally used to start a polling loop or a 
Block Transfer instruction using WAIT/READY to synchronize the CPU or the DMA device to 
the incoming data rate. In this mode, the Z80-SI0 interrupts on the first character and 
thereafter interrupts only if Special Receive conditions are detected. The mode is reinitialized 
with the Enable Interrupt on Next Receive Character command to allow the next character 
received to generate an interrupt. Parity errors do not cause interrupts in this mode, but End Of 
Frame (SDLC mode) and Receive Overrun do. 

If External/Status interrupts are enabled, they may interrupt any time DCD changes state. 

Interrupt On Every Character. Whenever a character enters the receive buffer, an interrupt 
is generated. Error and Special Receive conditions generate a special vector if Status Affects 
Vector is selected. Optionally, a Parity Error may be directed not to generate the special 
interrupt vector. 

Special Receive Condition Interrupts. The Special Receive Condition interrupt can occur 
only if either the Receive Interrupt On First Character Only or Interrupt On Every Receive 
Character modes is also set. The Special Receive Condition interrupt is caused by the 
Receive Overrun error condition. Since the Receive Overrun and Parity error status bits are 
latched, the error status (when read) reflects an error in the current word in the receive 
buffer in addition to any Parity or Overrun errors received since the last Error Reset 
command. These status bits can only be reset by the Error reset command. 

CRC Error Checking and Termination. A CRC error check on the receive message can be 
performed on a per character basis under program control. The Receive CRC Enable bit (WR3, 
D3) must be set/reset by the program before the next character is transferred from the receive 
shift register into the receive buffer register. This ensures proper inclusion or exclusion of data 
characters in the CRC check. 
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In the Monosync, Bisync, and External Sync modes, the CRC/framing Error bit (RR1 , Dg) 
contains the comparison result of the CRC checker 1 6 bit times (eight bits delay and eight 
shifts for CRC) after the character has been transferred from the receive shift register to 
the buffer. The result should be zero, indicating an error-free transmission. (Note that the 
result is valid only at the end of CRC calculation. If the result is examined before this time, 
it usually indicates an error.)Thecomparison is made with each transfer and is valid only 
as long as the character remains in the receive FIFO. 



Following is an example of the CRC checking operation when four characters {A,B,C, and 
D) are received in that order. 

Character A loaded into buffer 

Character B loaded into buffer 

If CRC is disabled before C is in the buffer, CRC is not calculated on B. 
Character C loaded into buffer 

After C is loaded, the CRC/Framing Error bit shows the result of the comparison through 
character A. 

Character D loaded into buffer 

After D is in the buffer, the CRC Error bit shows the result of the comparison through 
character B whether or not B was included in the CRC calculations. 

Owing to the serial nature of CRC calculation, the Receive Clock (RxC) must cycle 1 6 times 
(8-bit delay plus 8-bit CRC shift) after the second CRC character has been loaded into the 
receive buffer, or 20 times (the previous 1 6 plus 3-bit buffer delay and 1 -bit input delay) after 
the last bit is at the RxD input, before CRC calculation is complete. A faster external clock 
can be gated into the Receive Clock input to supply the required 1 6 cycles. The Transmit and 
Receive Data Path diagram (Figure 4) illustrates the various points of delay in the CRC path. 



The typical program steps that implement a half-duplex Bisync Receive mode are 
illustrated in Table 6. The complete set of command and status bit definitions are 
explained under "Z80-SIO Programming." 



BISYNC TRANSMIT CODE 
Table 4.2 



FUNCTION 



TYPICAL PROGRAM STEPS 



COMMENTS 



REGISTER: INFORMATION LOADED: 



WRO CHANNEL RESET, RESET TRANSMIT 

CRC GENERATOR 



WRO 


POINTER 2 


WR2 


INTERRUPT VECTOR 


WRO 


POINTER 3 


WR3 


AUTO ENABLES 


WRO 


POINTER 4 


WR4 


PARITY INFORMATION, SYNC MODES 




INFORMATION, x1 CLOCK MODE 


WRO 


POINTERS 


WR6 


SYNC CHARACTER 1 


WRO 


POINTER 7, RESET EXTERNAL/ STATUS 




INTERRUPTS 



Reset SIO, initialize CRC generator 



Channel B only 

Transmission begins only after CTS is 
detected. 

Issue transmit parameters. 
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FUNCTION 



TYPICAL PROGRAM STEPS 



COMMENTS 



INITIALIZE WR7 
WRO 

WR1 



WRO 
WR5 



SYNC CHARACTER 2 

POINTER 1 , RESET EXTERNAL/ STATUS 

INTERRUPTS 

STATUS AFFECTS VECTOR, EXTERNAL 

INTERRUPT ENABLE, TRANSMIT INTERRUPT 

ENABLE OR WAIT/READY 

ENABLE 



POINTER 5 

REQUEST TO SEND, TRANSMIT ENABLE, 

BISYNC CRC, TRANSMIT CHARACTER 

LENGTH 



External I nter rupt mod e Monitors the 
status of CTS and DCD input pins as well 
as the status of Tx Underrun/EOM latch. 
Transmit Interrupt Enable interrupts when 
the Transmit buffer becomes empty; the 
Wait/Ready mode can be used to transfer 
data using DMA or CPU Block Transfer. 

Status Affects Vector (Channel B only) 
Transmit CRC Enable should be set when 
first non-sync data is sent to Z80-SIO. 




FIRST SYNC BYTE TO SIO 



Need several sync characters in the 
beginning of message. Transmitter is fully 
initialized. 



IDLE MODE 



EXECUTE HALT INSTRUCTION OR 
SOME OTHER PROGRAM 



Waiting for interrupt or Wait/Ready 
output to transfer data. 



DATA TRANSFER AND 
STATUS MONITORING 



WHEN INTERRUPT (WAIT/READY) 
OCCURS: 

INCLUDE/EXCLUDE DATA BYTE 

FROM CRC ACCUMULATION (IN SIO). 
TRANSFER DATA BYTE FROM CPU (OR 

MEMORY) TO SIO. 
DETECT AND SET APPROPRIATE 

FLAGS FOR CONTROL CHARACTERS 

(IN CPU). 
RESET Tx UNDERRUN/EOM LATCH 

(WRO) IF LAST CHARACTER OF 

MESSAGE IS DETECTED. 
UPDATE POINTERS AND PARAMETERS 

(CPU). 
RETURN FROM INTERRUPT 



Interrupt occurs (Wait/Ready becomes 
active) when first data byte is being sent. 
Wait mode allows CPU block transfer from 
memory to SIO; Ready mode allows DMA 
block transfer from memory to SIO. The 
DMA chip can be programmed to capture 
special control characters (by examining 
only the bits that specify ASCII or EBCDIC 
control characters) and interrupt CPU. 



IF ERROR CONDITION OR STATUS 

CHANGE OCCURS: 
TRANSFER RRO TO CPU 
EXECUTE ERROR ROUTINE 
RETURN FROM INTERRUPT 



Tx Underrun/EOM indicates either 
transmit underrun (sync character being) 
sent to end of message (CRC-1 6 being 
sent) 



TERMINATION 



REDEFINE INTERRUPT MODES. 

UPDATE MODEM CONTROL OUTPUTS 
(E.G., TURN OFF RTS). 

DISABLE TRANSMIT MODE 



Program should gracefully terminate 
message. 
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BISYNC RECEIVE MODE 
Table 4.3 



FUNCTION 



TYPICAL PROGRAM STEPS 



COMMENTS 



REGISTER 


INFORMATION LOADED 


WRO 


CHANNEL RESET, RESET RECEIVE CRC 




CHECKER 


WRO 


POINTER 2 


WR2 


INTERRUPT VECTOR 


WRO 


POINTER 4 


WR4 


PARITY INFORMATION, SYNC MODES 




INFORMATION, x1 CLOCK MODE 


WRO 


POINTER 5, RESET EXTERNAL STATUS 




INTERRUPT 


WR5 


BISYNC CRC-16 DATA TERMINAL 




READY 


WRO 


POINTER 3 



Reset SIO, initialize Receive CRC checker 

Channel B only 

Issue receive paranneters. 



INITIALIZE WR3 



WRO 
WR6 
WRO 
WR7 
WRO 

WR1 



WRO 



WR3 



SYNC CHARACTER LOAD INHIBIT, 
RECEIVE CRC ENABLE, ENTER HUNT 
MODE, AUTO ENABLES, RECEIVE 
CHARACTER LENGTH 



POINTER 6 

SYNC CHARACTER 1 

POINTER 7 

SYNC CHARACTER 2 

POINTER 1, RESET EXTERNAL/STATUS 

INTERRUPT 

STATUS AFFECTS VECTOR, EXTERNAL 

INTERRUPT ENABLE, RECEIVE 

INTERRUPT ON FIRST CHARACTER ONLY 



POINTER 3, ENABLE INTERRUPT ON 
NEXT RECEIVE CHARACTER 

RECEIVE ENABLE SYNC CHARACTER 
LOAD INHIBIT, ENTER HUNT MODE, 
AUTO ENABLE, RECEIVE WORD LENGTH 



Sync character load inhibit strips all the 
loading sync characters at the beginning 
of the message. Auto Enables enables the 
receiver to accept data only after the DCD 
input is active 



In this interrupt nnode, only the first non- 
sync data character is transferred to the 
CPU. All subsequent data is transferred on 
a DMA basis; however. Special Receive 
Condition interrupts will interrupt the 
CPU. Status Affects Vector used in 
Channel B only. 

Resetting this interrupt mode provides 
simple program loopback entry for the 
next transaction. 

WR3 is reissued to enable receiver. 
Receive CRC Enable must be set after 
receiving SOH or STX character. 



IDLE MODE 



EXECUTE HALT INSTRUCTION OR 
SOME OTHER PROGRAM 



Receive mode is fully initialized and the 
system is waiting for interrupt on first 
character. 
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FUNCTION 



TYPICAL PROGRAM STEPS 



COMMENTS 



WHEN INTERRUPT ON FIRST 
CHARACTER OCCURS, THE CPU DOES 
THE FOLLOWING: 

• TRANSFERS DATA BYTE TO CPU 

• DETECTS AND SETS APPROPRIATE 
FLAGS FOR CONTROL CHARACTERS 
(IN CPU) 

• INCLUDES/EXCLUDES DATA BYTE IN 
CRC CHECKER 

• UPDATES POINTERS AND OTHER 
PARAMETERS 

• ENABLES WAIT/READY FOR DMA 
OPERATION 

• ENABLES DMA CONTROLLER 

• RETURNS FOR INTERRUPT 



During the Hunt mode, the SIO detects 
two contiguous characters to establish 
synchronization. The CPU establishes the 
DMA mode and all subsequent data 
characters are transferred by the DMA 
controller. The controller is also 
programmed to capture special characters 
(by examining only the bits that specify 
ASCII or EBCDIC control characters) and 
interrupt the CPU upon detection. In 
response, the CPU examines the status or 
control characters and takes appropriate 
action (e.g., CRC Enable Update) 




DATA TRANSFER AND 
STATUS MONITORING 



WHEN WAIT/READY BECOMES ACTIVE, 
THE DMA CONTROLLER DOES THE 
FOLLOWING: 

• TRANSFERS DATA BYTE TO MEMORY 

• INTERRUPTS CPU IF A SPECIAL 
CHARACTER IS CAPTURED BY THE 
DMA CONTROLLER 

• INTERRUPTS THE CPU IF THE LAST 
CHARACTER OF THE MESSAGE IS 
DETECTED 



FOR MESSAGE TERMINATION, THE CPU 
DOES THE FOLLOWING: 

• TRANSFERS RR1 TO THE CPU 

• SETS ACK/NAK REPLY FLAG BASED 
ON CRC RESULT 

• UPDATES POINTERS AND 
PARAMETERS 

• RETURNS FROM INTERRUPT 



The SIO interrupts the CPU for error 
condition and the error routine aborts the 
present message, clears the error 
condition and repeats the operation. 



TERMINATION 



REDEFINE INTERRUPT MODES AND 

SYNC MODES 
UPDATE MODEM CONTROLS 
DISABLES RECEIVE MODE 



111-207 



111-208 



5.0 SDLC (HDLC OPERATION) 
5.1 INTRODUCTION 



The Z80-SIO is capable of handling both High-level Synchronous Data Link Control (HDLC) and 
IBM Synchronous Data Link Control (SDLC) protocols. In the following discussion, only SDLC is 
referred to because of the high degree of similarity between SDLC and HDLC. 

The SDLC mode is considerably different from Synchronous Bisync protocol because it is bit 
oriented rather than character oriented and, therefore, can naturally handle transparent operation. 
Bit orientation makes SDLC a flexible protocol in terms of message length and bit patterns. The 
Z80-SIO has several built-in features to handle variable message length. Detailed information 
concerning SDLC protocol can be found in literature published on this subject, such as IBM 
document GA27-3093. 

The SDLC message, called the frame (Figure 5. 1 ), is opened and closed by flags that are si milar to the 
sync characters in Bisync protocol. The Z80-SIO handles the transmission and recognition of the flag 
characters that mark the beginning and end of the frame. Note that the Z80-SIO can receive 
shared-zero flags, but cannot transmit them. The 8-bit address field of a SDLC frame contains the 
secondary station address. The Z80-SIO has an Address Search mode that recognizes the secondary 
station so that it can accept or reject the frame. 




Since the control field of the SDLC frame is transparent to the Z80-SI0, it is simply transferred to the 
CPU. The Z80-SIO handles the Frame Check sequence in a manner that simplifies the program by 
incorporating features such as initializing the CRC generator to all 1 's, resetting the CRC checker when 
the opening flag is detected in the Receive mode,and sending the Frame Check/Flag sequence in the 
Transmit mode. Controller hardware is simplified by automatic zero insertion and deletion logic 
contained in the Z80-SIO. 

Table 5. 1 shows the contents of WR3, WR4,and WR5 during SDLC Receive and Transmit modes. WRO 
points to other registers and issues various commands. WR1 defines the interrupt modes and WR2 
stores the interrupt vector. WR7 stores the flag character and WR6 stores the secondary address. 

TRANSMIT/RECEIVE SDLC/ HDLC MESSAGE FORMAT 
Figure 5.1 



BEGINNING 



-AV- 



END 



OPENING 

FLAG 
01111110 



ADDRESS 
8 BITS 



DATA FIELD 

OR 

1 -FIELD 



-ih 



CRC 

#1 



CRC 

#2 



CLOSING 

FLAG 
01111110 



MESSAGEFLOW 



5.2 SDLC TRANSMIT 



5.2.1 INITIALIZATION 



Like Synchronous operation, the SDLC Transmit rnode must be initialized with the following 
parameters: SDLC mode, SDLC polynomial. Request to Send, Data Terminal Ready, transmit 
character length, transmit interrupt modes (or Wait/Ready function). Transmit Enable, Auto 
Enables and External/Status interrupt. 

Selecting the SDLC mode and the SDLC polynomial enables the Z80-SI0 to initialize the CRC 
Generator to all 1 's. This is accomplished by Issuing the Reset Transmit CRC Generator 
command (WRO). Refer to the Synchronous Operation section for more details on the 
interrupt modes. 
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After reset, or when the transmitter is not enabled, the Transmit Data output is held marking. 
Break may be programmed to generate a spacing line. With the transmitter fully initialized and 
enabled, continuous flags are transmitted on the Transmit Data output. 

An abort sequence may be sent by issuing the Send Abort command (WRO, CMDi ). This 
causes at least eight, but less than fourteen, 1 's to be sent before the line reverts to continuous 
flags. It is possible that the Abort sequence (eight 1 's) could follow up to five continuous 1 bits 
(allowed by the zero insertion logic) and, thus, cause up to thirteen 1 's to be sent. Any data 
being transmitted and any data in the transmit buffer is lost when an abort Is issued. 

When required/an extra is automatically inserted when there are five contiguous 1 's in the 
data stream. This does not apply to flags or aborts. 

5.2.2 DATA TRANSFER AND STATUS MONITORING 

There are several combinations of interrupts and of Wait/Ready functions in the SLDC 
mode. 

Data Transfer Using Interrupts. If the Transmit Interrupt Enable bit is set, an interrupt is 
generated each time the buffer becomes empty. The interrupt may be satisfied either by 
writing another character into the transmitter or by resetting the Transmit Interrupt Pending 
latch with a Reset Transmitter Pending command (WRO, CMD5). If the interrupt Is satisfied 
with this command and nothing more is written into the transmitter, there are no further 
transmitter interrupts. The result is a Transmit Underrun condition. When another character is 
written and sent out, the transmitter can again become empty and interrupt the CPU. 
Following the flags in an SDLC operation, the 8-bit address field, control field and information 
field may be sent to the Z80-SIO using the Transmit Interrupt mode. The Z80-SIO transmits 
the Frame Check sequence using the Transmit Underrun feature. 

When the transmitter is first enabled, it is already empty and obviously cannot then become 
empty. Therefore, no Transmit Buffer Empty interrupts can occur until after the first data 
character is written. 

Data Transfer Using Wait/Ready. If the Wait/Ready function has been selected, WAIT 
indicates to the CPU that the Z80-SI0 is not ready to accept the data and the CPU must extend 
the I/O cycle. To a DMA controller, READY indicates that the transmitter buffer is empty and 
that the Z80-SI0 is ready to accept the next character. If the data character is not loaded into 
the Z80-SIO by the time the transmit shift register is empty, the Z80-SIO enters the Transmit 
Underrun condition. Address, control,and information fields may be transferred to the Z80- 
SIO with this mode using the Wait/Ready function. The Z80-SIO transmits the Frame Check 
sequence using the Transmit Underrun feature. 

SDLC Transmit Underrun/End of Message. SDLC-like protocols do not have provisionsfor 
fill characters within a message. The Z80-SIO therefore automatically terminates an SDLC 
frame when the transmit data buffer and output shift register have no more bits to send. It 
does this by first sending the two bytes of CRC and following these with one or more flags. This 
technique allows very high-speed transmissions under DMA or CPU block I/O control without 
requiring the CPU to respond quickly to the end of message situation. 

The action that the Z80-SIO takes in the underrun situation depends on the state of the 
Transmit Underrun/EOM command. Following a reset, the Transmit Underrun/EOM status 
bit is in the set state and prevents the insertion of CRC characters during the time there is no 
data to send. Consequently, flag characters are sent. The Z80-SIO begins to send the frame as 
data is written into the transmit buffer. Between the time the first data byte is written and the 
end of the message, the Reset Transmit Underrun/EOM command must be issued. Thus the 
Transmit Underrun/EOM status bit is In the reset state at the end of the message (when 
underrun occurs), which automatically sends the CRC characters. The sending of the CRC 
again sets the Transmit/Underrun/EOM status bit. 

Although there is no restriction as to when the Transmit Underrun/EOM bit can be reset 
within a message, it is usually reset after the first data character (secondary address) is sent 
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CONTENTS OF WRITE REGISTERS, 3, 4 AND 5 IN SDLC MODES 
Table 5.1 





BIT 7 BIT 6 


BITS 


BIT 4 


BIT 3 


BIT 2 


BIT1 


BITO 


WR3 


00=Rx 5 BITS/CHAR 
10=Rx 6 BITS/CHAR 
01 =Rx 7 BITS/CHAR 
11=Rx 8 BITS/CHAR 


AUTO 
ENABLES 


ENTER HUNT 
MODE (IF 

INCOMING Rx CRC 
DATA NOT ENABLE 
NEEDED) 


ADDRESS 

SEARCH 

MODE 





Rx 
ENABLE 


WR4 





1 
SELECTS SDLC 
MODE 














WR5 


00=Tx 5 BITS (OR 
LESS)/CHAR 
DTR 10=Tx 6 BITS/CHAR 
01 =Tx 7 BITS/CHAR 
11=Tx 8 BITS/CHAR 





Tx 
ENABLE 




SELECTS 
SDLC 
CRC 


RTS 


TxCRC 
ENABLE 




to the Z80-SIO. Resetting this bit allows CRC and flags to be sent when there are no data to 
send which gives additional time to the CPU for recognizing the fault and responding with 
an abort command. By resetting it early in the message, the entire message has the 
maximum amount of CPU response time in an unintentional transmit underrun situation. 

When the External/Status interrupt is set and while CRC is being sent, the Transmit 
Underrun/EGM bit is set and the Transmit Buffer Empty bit is reset to indicate that the 
transmit register is full of CRC data. When CRC has been completely sent, the Transmit 
Buffer Empty status bit it set and an interrupt is generated to indicate to the CPU that 
another message can begin. This interrupt occurs because CRC has been sent and the 
flag has been loaded. If n o mo re messages are to be sent, the program can terminate 
transmission by resetting RTS, and disabling the transmitter. 

In the SDLC mode, it is good practice to reset the Transmit Underrun/EGM status bit 
immediately after the first character is sent to the Z80-SIG. When theTransmit Underrun 
is detected, this ensures that the transmission time is filled by CRC characters, giving the 
CPU enough time to issue the Send Abort command. This also stops the flags from going 
on the line prematurely and eliminates the possibility of the receiver accepting the frame 
as valid data. The situation can happen because it is possible that— at the receiving 
end)— the data pattern immediately preceding the automatic flag insertion could match 
the CRC checker, giving a false CRC check result. The External/Status interrupt is 
generated whenever the Transmit Underrun/EGM bit is set because of the Transmit 
Underrun condition. 

The transmit underrun logic provides additional protection against premature flag 
insertion if the proper response is given to the Z80-SIG by the CPU interrupt service 
routine. The following example is given to clarify this point: 

The Z80-SIG raises an mterrupt with the Transmit Buffer Empty status bit 
set. 

The CPU does not respond in time and causes a Transmit Underrun 
condition. 

The Z80-SIG starts sending CRC characters (two bytes). 

The CPU eventually satisfies the Transmit Buffer Empty interrupt with a data 
character that follows the CRC character being transmitted. 

The Z80-SIG sets the External/Status interrupt with the Transmit 
Underrun/EGM status bit set. 
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The CPU recognizes the Transmit Underrun/EOM status and determines 
from its internal program status that the interrupt is not for "end of 
message". 

The CPU immediately issues a Send Abort Command (WRO) to the Z80-S10. 

The Z80-SIO sends the Abort sequence by destroying whatever data (CRC, 
data or flag) is being sent. 

This sequence illustrates that the CPU has a protection of 22 minimum and 
30 maximum transmit clock cycles. 

SDLC CRC Generation. The CRC generator must be reset to all 1 's at the beginning of 
each frame before CRC accumulation can begin. Actual accumulation begins when the 
program sends the address field (eight bits) to the Z80-SIO. Although the Z80-SIO 
automatically transmits one flag character following the Transmit Enable, it may be wise 
to send a few more flag characters ahead of the message to ensure character 
synchronization at the receiving end. This can be done by externally timing out after 
enabling the transmitter and before loading the first character. 

The Transmit CRC Enable (WR5, Dq) should be enabled prior to sending the address field. 
In the SDLC mode all the characters between the opening and closing flags are included 
in CRC accumulation, and CRC generated in the Z80-SIO transmitter is inverted before it 
is sent on the line. 

Transmit Termination. If the transmitter is disabled while a character is being sent, that 
character (data or flag) is sent in the normal fashion, but is followed by a marking line 
rather than CRC or flag characters. 

A character in the buffer when the transmitter is disabled remains in the buffer; however, 
a programmed Abort sequence is effective as soon as it is written into the control 
register. Characters being transmitted, if any, are lost. In the case of CRC, the 16-bit 
transmission is completed if the transmitter is disabled; however, flags are sent in place 
of CRC. 

In all modes, characters are sent with the least-significant bits first. This requires 
right-hand justification of data to be transmitted if the word length is less than eight bits. 
If the word length is five bits or less, the special technique described in the Write Register 
5 section ("Z80-SIO Programming" chapter; "Write Registers" section) must be used. 

Since the number of bits/character can be changed on the fly, the data field can be filled 
with any number of bits. When used in conjunction with the Receiver Residue codes, the 
Z80-SIO can receive a message that has a variable l-field and retransmit it exactly as 
received with no previous information about the character structure of the l-field (if any). 
A change in the number of bits does not affect the character in the process of being 
shifted out. Characters are sent with the number of bits programmed at the time that the 
character is loaded from the transmit buffer to the transmitter. 

If the External/Status Interrupt Enable is set, transmitter conditions such as "starting to 
send CRC characters," "starting to send flag characters," and CTS changing state cause 
interrupts that have a unique vector if Status Affects Vector is set. All interrupts can be 
disabled for operation in a polled mode. 

Table 5.2 shows the typical program steps that implement the half-duplex SDLC 
Transmit mode. 
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SDLC TRANSMIT MODE 
Table 5.2 



FUNCTION 



TYPICAL PROGRAM STEPS 



COMMENTS 



REGISTER: INFORMATION LOADED: 



WRO 
WRO 
WR2 
WRO 
WR3 

WRO 

WR4 

WRO 

INITIALIZE WR1 



WRO 
WR5 



WRO 



CHANNEL RESET 
POINTER 2 
INTERRUPT VECTOR 
POINTER 3 
AUTO ENABLES 

POINTER 4, RESET EXTERNAL STATUS 

INTERRUPTS 

PARITY INFORMATION, SDLC MODE, x1 

CLOCK MODE 

POINTER 1, RESET EXTERNAL/STATUS 

INTERRUPTS 

EXTERNAL INTERRUPT ENABLE, STATUS 

AFFECTS VECTOR, TRANSMIT 

INTERRUPT ENABLE OR WAIT/READY 

MODE ENABLE 



POINTER 5 

TRANSMIT CRC ENABLE, REQUEST TO 

SEND, SDLC-CRC, TRANSMIT ENABLE, 

TRANSMIT WORD LENGTH, DATA 

TERMINAL READY 

RESET TRANSMIT CRC GENERATOR 



Reset SIO 

Channel B only 

Transmitter sends data only after CTS is 
detected 




The External Interrupt Mod e monitors the 
status of the CTS and DCD inputs, as well 
as the status of Tx Underrun/EOM latch. 
Transmit Interrupt interrupts when the 
Transmit buffer becomes empty; the 
Wait/Ready mode can be used to transfer 
data on a DMA or Block Transfe r ba sis. 
The first interrupt occurs when CTS 
becomes active, at which point flags are 
transmitted by the Z80-SI0. The first data 
byte (address field) can be loaded into the 
Z80-SIO after this interrupt. Flags cannot 
be sent to the Z80-SIO as data. Status 
Affects Vector used in Channel B only. 

Sync mode must be defined before 
initializing transmit CRC generator. 



Initialize CRC generator to all 1 's. 



IDLE MODE 



EXECUTE HALT INSTRUCTION OR 
SOME OTHER PROGRAM 



Waiting Interrupt or Wait/Ready output to 
transfer data. 



WHEN INTERRUPT (WAIT/READY) 
OCCURS, THE CPU DOES THE 
FOLLOWING: 

• CHANGES TRANSMIT WORD LENGTH 
(IF NECESSARY) 

• TRANSFERS DATA BYTE FROM CPU 
(MEMORY) TO SIO 

• RESETS Tx UNDERRUN EOM LATCH 
WRO 



Flags are transmitted by the SIO as soon 
as Transmit Enable i s set and CTS 
becomes active. The CTS status change is 
the first interrupt that occurs and is 
followed by transmit buffer empty for 
subsequent transfers. 
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FUNCTION 



TYPICAL PROGRAM STEPS 



COMMENTS 



DATA TRANSFER AND 
STATUS MONITORING 



IF LAST CHARACTER OF THE l-FIELD IS 
SENT, THE SIO DOES THE FOLLOWING: 

• SENDS CRC 

• SENDS CLOSING FLAG 

• INTERRUPTS CPU WITH BUFFER 
EMPTY STATUS 

CPU DOES THE FOLLOWING: 

• ISSUES RESET Tx INTERRUPT 
PENDING 

COMMAND TO THE Z80-SI0 

• UPDATES NS COUNT 

• REPEATS THE PROCESS FOR NEXT 
MESSAGE, ETC 



Word length can be changed on the fly for 
variable l-field length. The data byte can 
contain address, control or l-field 
information (never a flag). It is good 
practice to reset Tx Underrun/EOM latch 
in the beginning of the message to avoid a 
false end-of-fra me detection at the 
receiving end; This ensures that when 
underrun occurs, CRC is transmitted and 
underrun interrupt (Tx Underrun/EOM 
latch active) occurs. Note that "Send 
Abort" can be issued to the SIO in 
response to any interrupting continuing to 
abort the transmission. 



IF VECTOR INDICATES AN ERROR, THE 
CPU DOES THE FOLLOWING 
•SENDS ABORT 

• EXECUTES ERROR ROUTINE 

• UPDATES PARAMETERS, MODES, ETC. 

• RETURNS FROM INTERRUPT 



TERMINATION 



REDEFINE INTERRUPT MODES 
UPDATE MODEM CONTROL OUTPUTS 
DISABLE TRANSMIT MODE 



Terminate gracefully 



5.3 SDLC RECEIVE 



5.3.1 INITIALIZATION 



The SDLC Receive mode is initialized by the system with the following parameters: SDLC 
mode, x1 clock mode, SDLC polynomial, receive word length, etc. The flag characters 
must also be loaded in WR7 and the secondary address field loaded in WR6. The receiver 
is enabled only after all the receive parameters have been set. After all this has been 
done, the receiver is in the Hunt phase and remains In this phase until the first flag is 
received. While in the SDLC mode, the receiver never re-enters the Hunt phase, unless 
specifically instructed to do so by the program. The WR4 parameters must be issued prior 
to the WR1 , WR3, WR5, WR6 and WR7 parameters. 

Under program control, the receiver can enter the Address Search mode. If the Address 
Search bit (WR3, D2) is set, a character following the flag (first non-flag character) is 
compared against the programmed address in WR6 and the hardwired global address 
(11111111). If the SDLC frame address field matches either address, data transfer 
begins. 

Since the Z80-SIO is capable of matching only one address character, extended address 
field recognition must be done by the CPU. In this case, the Z80-SIO simply transfers the 
additional address bytes to the CPU as if they were data characters. If the CPU determines 
that the frame does not have the correct address field, it can set the Hunt bit, and the 
Z80-SIO suspends reception and searches for a new message headed by a flag. Since the 
control field of the frame is transparent to the Z80-SIO, it is transferred to the CPU as a 
data character. Extra zeros Inserted in the data stream are automatically deleted; flags 
are not transferred to the CPU. 
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5.3.2 DATA TRANSFER AND STATUS MONITORING 

After receipt of a valid flag, the assembled characters are transferred to the receive data 
FIFO. The following four interrupt modes are available to transfer this data and its 
associated status. 

No Interrupts Enabled. This mode is used for purely polled operations or for off-line 
conditions. 

Interrupt On First Character Only. This mode is normall y used to start a software polling 
loop or a Block Transfer instruction using WAIT/READY to synchronize the CPU or DMA 
device to the incoming data rate. In this mode, the Z80-SIO interrupts on the first 
character and thereafter only interrupts if Special Receive conditions are detected. The 
mode is reinitialized with the Enable Interrupt On Next Receive Character Command. 

The first character received after this command is issued causes an interrupt. If 
External/Status interrupts are enabled, they may interrupt any time the DCD input 
changes state. Special Receive conditions such as End Of Frame and Receiver Overrun 
also cause interrupts. The End of Frame interrupt can be used to exit the Block Transfer 
mode. 

Interrupt On Every Character. An interrupt is generated whenever the receive FIFO 
contains a character. Error and Special Receive conditions generate a special vector if 
Status Affects Vector is selected. 

Special Receive Condition Interrupts. The Special Receive Condition interrupt is not, as 
such, a separate interrupt mode. Before the Special Receive condition can cause an 
interrupt, either Interrupt On First Receive Character Only or Interrupt On Every 
Character must be selected. The Special Receive Condition interrupt is caused by a 
Receive Overrun or End of Frame detection. Since the Receive Overrun status bit is 
latched, the error status read reflects an error in the current word in the receive buffer in 
addition to any errors received since the last Error Reset command. The Receive Overrun 
status bit can only be reset by the Error Reset command. The End Of Frame status bit 
indicates that a valid ending flag has been received and that the CRC Error and Residue 
codes are also valid. 

Character length may be changed on the fly. If the address and control bytes are 
processed as 8-bit characters, the receiver may be switched to a shorter character length 
during the time that the first information character is being assembled. This change must 
be made fast enough so it is effective before the number of bits specified for the character 
length have been assembled. For example, if the change is to be from the 8-bit control 
field to a 7-bit information field, the change must be made before the first seven bits of 
the l-field are assembled. 

SDLC Receive CRC Checking. Control of the receive CRC checker is automatic. It is 
reset by the leading flag and CRC is calculated up to the final flag. The byte that has the 
End Of Frame bit set is the byte that contains the result of the CRC check. If the 
CRC/Framing Error bit is not set, the CRC indicates a valid message. A special check 
sequence is used for the SDLC check because the transmitted CRC check is inverted. The 
final check must be 0001 1 10100001 11 1 . The 2-byte CRC check characters must be 
read by the CPU and discarded because the Z80-SIO, while using them for CRC checking, 
treats them as ordinary data. 

SDLC Receive Termination. If enabled, a special vector is generated when the closing 
flag is received. This signals that the byte with the End Of Frame bit set has been 
received. In addition to the results of the CRC check, RR1 has three bits of Residue code 
valid at this time. For those cases in which the number of bits in the l-field is not an 
integral multiple of the character length used, these bits indicate the boundary between 
the CRC check bits and the l-field bits. For a detailed description of the meaning of these 
bits, see the description of the residue codes in RR1 under "Z80-SIO Programming". 
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Any frame can be prematurely aborted by an Abort sequence. Aborts are detected if 
seven or more 1 's occur and cause an External/Status interrupt (if enabled) with the 
Break/ Abort bit in RRO set. After the Reset External/Status interrupts command has 
been issued a second interrupt occurs when the continuous 1 's condition has been 
cleared. This can be used to distinguish between the Abort and Idle line conditions. 

Unlike the synchronous mode, CRC calculation in SDLC does not have an 8-bit delay 
since all the characters are included in CRC calculation. When the second CRC character 
is loaded into the receive buffer, CRC calculation is complete. 

Table 5.3 shows the typical steps required to implement a half-duplex SDLC receive 
mode. The complete set of command and status bit definitions Is found in the next 
section. 



SDLC RECEIVE MODE 
Table 5.3 



FUNCTION 



TYPICAL PROGRAM STEPS 



COMMENTS 



REGISTER: INFORMATION LOADED 



WRO CHANNEL 2 

WRO POINTER 2 

WR2 INTERRUPT VECTOR 

WRO POINTER 4 

WR4 PARITY INFORMATION, SYNC MODE, 

SDLC MODE, x1 CLOCK MODE 
WRO POINTER 5, RESET EXTERNAL/STATUS 

INTERRUPTS 
WR5 SDLC-CRC, DATA TERMINAL READY 

WRO POINTERS 



Reset SIO 
Channel B only 



WR3 RECEIVE CRC ENABLE, ENTER HUNT 

MODE, AUTO ENABLES RECEIVE 
CHARACTER LENGTH, ADDRESS 
SEARCH MODE 



"Auto Enables" enabl es th e receiver to 
accept data only after DCD becomes 
active. Address Search Mode enables SIO 
to match the message address with the 
programmed address or the global 
address. 



INITIALIZE 


WRO 


POINTERS 




WR6 


SECONDARY ADDRESS FIELD 




WRO 


POINTER? 




WR7 


SDLC FLAG 01111110 



This address is matched against the 
message address in an SDLC poll 
operation. 

This flag detects the start and end of 
frame in an SDLC operation. 



WRO POINTER 1 , RESET EXTERNAL/STATUS 

INTERRUPTS 

WR1 STATUS AFFECTS VECTOR, EXTERNAL 

INTERRUPT ENABLE, RECEIVE 
INTERRUPT ON FIRST CHARACTER 
ONLY. 



In this interrupt mode, only the Address 
Field (1 character only) is transferred to 
CPU. All subsequent fields (Control, 
Information, etc.) are transferred on a 
DMA basis. Status Affects Vector in 
Channel B only. 
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FUNCTION 



TYPICAL PROGRAM STEPS 



COMMENTS 



WRO POINTER 3, ENABLE INTERRUPT ON 

NEXT RECEIVE CHARACTER 

WR3 RECEIVE ENABLE, RECEIVE CRC 

ENABLE, ENTER HUNT MODE, AUTO 
ENABLE, RECEIVER CHARACTER 
LENGTH, ADDRESS SEARCH MODE 



Used to provide simple loop-back entry 
point for next transaction. WR3 reissued 
to enable receiver. 



IDLE MODE 



EXECUTE HALT INSTRUCTION OR 
SOME OTHER PROGRAM 



SDLC Receive Mode is fully initialized and 
SIO is waiting for the opening flag 
followed by a matching address field to 
interrupt the CPU. 



WHEN INTERRUPT ON FIRST 
CHARACTER OCCURS, THE CPU DOES 
THE FOLLOWING: 

• TRANSFERS DATA BYTE (ADDRESS 
BYTE) TO CPU 

• DETECTS AND SETS APPROPRIATE 
FLAG FOR EXTENDED ADDRESS 
FIELD 

• UPDATES POINTER AND 
PARAMETERS 

• ENABLES DMA CONTROLLER 

• ENABLES WAIT/READY FUNCTION IN 
SIO 

• RETURNS FROM INTERRUPT 



During the Hunt phase, the SIO interrupts 
when the programmed address matches 
the message address. The CPU 
establishes the DMA mode and all 
subsequent data characters are 
transferred by the DMA controller to 
memory. 




DATA TRANSFER AND 
STATUS MONITORING 



WHEN THE READY OUTPUT BECOMES 
ACTIVE, THE DMA CONTROLLER DOES 
THE FOLLOWING: 

TRANSFERS THE DATA BYTE TO 
MEMORY 

UPDATES THE POINTERS 

WHEN END OF FRAME INTERRUPT 
OCCURS, THE CPU DOES THE 
FOLLOWING: 

• EXITS DMA MODE (DISABLES 
WAIT/READY) 

• TRANSFERS RR1 TO THE CPU 

• CHECKS THE CRC ERROR BIT STATUS 
AND RESIDUE CODES 

• UPDATES NR COUNT 

• ISSUES "ERROR RESET" COMMAND 
TO SIO 

WHEN ABORT SEQUENCE DETECTED 
INTERRUPT OCCURS, THE CPU DOES 
THE FOLLOWING: 

• TRANSFERS RRO TO THE CPU 

• EXITS DMA MODE 

• ISSUES THE RESET EXTERNAL 
STATUS INTERRUPT COMMAND TO 
THE SIO 

• ENTERS THE IDLE MODE 



During the D MA o peration, the SIO 
monitors the DCD input and the Abort 
sequence in the data stream to interrupt 
the CPU with External Status error. The 
Special Receive condition interrupt is 
caused by Receive Overrun error. 

Detection of End of Frame (Flag) causes 
interrupt and deactiviates the Wait/Ready 
function. Residue codes indicate the bit 
structure of the last two bytes of the 
message, which were transferred to 
memory under DMA. "Error Reset" Is 
issued to clear the special condition. 



Abort sequence is detected when seven 
or more 1 's are found in the data stream. 

CPU Is waiting for Abort Sequence to 
terminate. Termination clears the 
Break/ Abort status bit and causes 
interrupt. 
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FUNCTION TYPICAL PROGRAM STEPS COMMENTS 

WHEN THE SECOND ABORT SEQUENCE At this point, the program proceeds to 

INTERRUPT OCCURS, THE CPU DOES terminate this message. 

THE FOLLOWING: 

• ISSUES THE RESET EXTERNAL STATUS 
INTERRUPT COMMAND TO THE SIO. 

TERMINATION REDEFINE INTERRUPT MODES, SYNC 

MODES AND SDLC MODES; DISABLE 
RECEIVE MODE 
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6.0 Z80-SIO PROGRAMMING 
6.1 INTRODUCTION 



To program the Z80-SIO, the system program first issues a series of commands that initialize the basic 
mode of operation and then other commands that qualify conditions within the selected mode. For 
example, the Asynchronous mode, character length, clock rate, number of stop bits, even or odd parity 
are first set, then the interrupt mode, and finally, receiver or transmitter enable. The WR4 parameters 
must be issued before any other parameters are issued in the initialization routine. 

Both channels contain command registers that must be programmed via the system program 
prior to operation. The Channel Select input (B/A) and the Control/Data input (C/D) are the 
command structure addressing controls, and are normally controlled by the CPU address bus. 
Figures 8.1 - 8.4 illustrate the timing relationships for programming the write registers, and 
transferring data and status. 

C/D B/A Function 

Channel A Data 

1 Channel B Data 

1 Channel A Commands/Status 
1 1 Channel B Commands/Status 



WRITE REGISTERS 

The Z80-SIO contains eight registers (WR0-WR7) in each channel that are programmed separately by 
the system program to configure the functional personality of the channels. With the exception of WRO, 
programming the write registers requires two bytes. The first byte contains three bits (DQ-D2) that point 
to the selected register; the second byte is the actual control word that is written into the register to 
configure the Z80-SIO. 

Note that the programmer has complete freedom, after pointing to the selected register, of either 
reading to test the read register or writing to initialize the write register. By designing software to 
initialize the Z80-SIO in a modular and structured fashion, the programmer can use powerful block I/O 
instructions. 

WRO is a special case in that ail the basic commands (CMD0-CMD2) can be accessed with a single 
byte. Reset (internal or external) initializes the pointer bits (D0-D2) to point to WRO. 

The basic commands {CMD0-CMD2) and the CRC controls (CRCq, CRC-j ) are contained in the first byte 
of any write register access. This maintains maximum flexibility and system control. Each channel 
contains the following control registers. These registers are addressed as commands (not data). 

6.2 WRITE REGISTER 

WRO is the command register; however, it is also used for CRC reset codes and to point to the other 
registers. 




D7 


D6 


D5 


D4 


D3 


D2 


Di 


Do 


CRC 


CRC 


CMD 


CMD 


CMD 


PTR 


PTR 


PTR 


Reset 


Reset 


2 


1 





2 


1 





Code 


Code 














1 


















Pointer Bits (D0-D2). Bits D0-D2 are pointer bits that determine which other write register the next 
byte is to be written into or which read register the next byte is to be read from. The first byte written into 
each channel after a reset (either by a Reset command or by the external reset input) goes into WRO. 
Following a read or write to any register (except WRO), the pointer will point to WRO. 
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Command Bits (D3-D5). Three bits, D3-D5, are encoded to issue the seven basic Z80-SIO 
commands. 



COMMAND CMD2 CMDy 



CMDq 















1 








1 


2 





1 





3 





1 


1 


4 


1 








5 


1 





1 


6 


1 


1 





7 


1 


1 


1 



Null Command (no effect) 

Send Abort (SDLC Mode) 

Reset External/Status Interrupts 

Channel Reset 

Enable Interrupt on next Rx Character 

Reset Transmitter Interrupt Pending 

Error Reset (latches) 

Return from Interrupt (Channel A) 



Command (Null). The Null command has no effect. Its normal use is to cause the Z80-SIO to do 
nothing while the pointers are set for the following byte. 

Command 1 (Send Abort). This command is used only with the SDLC mode to generate a sequence 
of eight to thirteen 1 's. 

Command 2 (Reset External/ Status Interrupts). After an External/Status interrupt (a change on a 
modem line or a break condition, for example), the status bits of RRO are latched. This command 
re-enables them and allows interrupts to occur again. Latching the status bits captures short pulses 
until the CPU has time to read the change. 

Command 3 (Channel Reset). This command performs the same function as an External Reset, but 
only on a single chahnel. Channel A Reset also resets the interrupt prioritization logic. All control 
registers for the channel must be rewritten after a Channel Reset command. 

WRITE REGISTER BIT FUNCTIONS ' ~ 

Figure 6.1 



WRITE REGISTER 





D7 


D6 


D5 


D4 


D3 


D2 


Dv 


Do 





















REGISTER 














1 REGISTER 1 














1 REGISTER 2 














1 1 REGISTERS 














1 REGISTER 4 














1 1 REGISTERS 














1 10 REGISTER 6 














1 1 1 REGISTER? 









NULL CODE 






1 


SEND ABORT (SDLC) 






10 


RESET EXT/STATUS INTERRUPTS 






1 1 


CHANNEL RESET 






1 


ENABLE INT ON NEXT Rx CHARACTER 






10 1 


RESET Tx INT PENDING 






1 1 


ERROR RESET 






1 1 1 


RETURN FROM INT (CH-A ONLY) 


1 

NULL CODE 




1 RESET Rx CRC CHECKER 




1 RESET Tx CRC GENERATOR 




1 1 RESET TxUNDERRUN/EO^ 


1 LATCH 
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WRITE REGISTER 1 
Figure 6.1 (Cont'd) 



D6 



D5 



D4 



D3 



D2 



Do 



-EXriNT ENABLE 
-Tx INT ENABLE 
-STATUS AFFECTS 
VECTOR (CH. B ONLY) 



Rx INT DISABLE 

Rx INT FIRST CHARACTER 

INT ON ALL Rx CHARACTERS (PARIT/ AFFECTS 

VECTOR) 

INT ON ALL Rx CHARACTERS (PARITY DOES NOT\ 

AFFECT VECTOR) 



-WAIT/READY ON R/T 
-WAIT/READY FUNCTION 
-WAIT/READY ENABLE 




*0R ON SPECIAL CONDITION 



WRITE REGISTER 2 (CHANNEL B ONLY) 














D7 


D6 


D5 


D4 


D3 


D2 


Dl 


Do 


















1 































































vo\ 

VI j 

V2I 

V3 1 INTERRUPT 

V4 ( VECTOR 

V5I 

ve/ 



WRITE REGISTER 3 



D? 



D6 



D5 



D4 



D3 



02 



Dl 



Do 









Rx 5 BITS/CHARACTER 





1 


Rx 7 BITS/CHARACTER 


1 





Rx 6 BITS/CHARACTER 


1 


T 


Rx 8 BITS/CHARACTER 



-Rx ENABLE 

-SYNC CHARACTER LOAD INH 

-ADDRESS SEARCH MODE (SI 

•RxCRC ENABLE 

-ENTER HUNT PHASE 

-AUTO ENABLES 
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WRITE REGISTER 4 
Figure 6.1 (Cont'd) 



D6 





1 
1 



Dg D4 



D3 



6 
1 


1 






c 


XI CLOCK MODE 





1 


XI 6 CLOCK MODE 


1 





X32 CLOCK MODE 


1 


1 


X64 CLOCK MODE 



D2 



Dl 



Do 



PARITY ENABLE 
■ PARITY EVEN ODD 




1 


1 



SYNC MODES ENABLE 
1 STOP BIT/CHARACTER 

1 1/2 STOP BITS CHARACTER 

2 STOP BITS/CHARACTER 



8 BIT SYNC CHARACTER 
16 BIT SYNC CHARACTER 
SDLC MODE (01111110 FLAG) 
EXTERNAL SYNC MODE 



WRITE REGISTER 5 



c 


>7 


[ 


^6 


[ 


^5 


D 


4 


D 


3 


D 


2 


C 


h 


Do 
1 








( 
( 


) C 
) 1 

( 

1 


) 
) 


T 
T 
T 

T 


X 5 BITS (0 
X 7 BITS/C 
X 6 BITS/C 
X 8 BITS/C 


1 

R LESS)/CHARACTER 
HARACTER 
HARACTER 
HARACTER 








— -I 


DTR 



























Tx CRC ENABLE 
RTS 

SDLC/CRC-16 
Tx ENABLE 
SEND BREAK 



WRITE REGISTER 6 



D7 


D6 


D5 


D4 


D3 


D2 


Dl 


Do 




















1 















































SYNC BIT 
SYNC BIT 1 
SYNC BIT 2 
SYNC BIT 3 
SYNC BIT 4 
SYNC BIT 5 
SYNC BIT 6 
SYNC BIT 7 



""ALSO SDLC ADDRESS FIELD 
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WRITE REGISTER 7 
Figure 6.1 (Cont'd) 



D7 


D6 


D5 


D4 


D3 


D2 


Dl 


Do 






















1 

























































SYNC BIT 8 
SYNC BIT 9 
SYNC BIT 10 1 
SYNC BIT 1 1 
SYNC BIT 12 I 
SYNC BIT 13 
SYNC BIT 14 
SYNC BIT 15. 



*FOR SDLC, IT MUST BE PROGRAMMED TO "01 111110" FOR FLAG RECOGNITION 



After a Channel Reset, four extra system clock cycles should be allowed for ZBO-SIO reset time 
before any additional commands or controls are written into that channel. This can normally be the 
time used by the CPU to fetch the next op code. 

Command 4 (Enable Interrupt On Next Character). If the Interrupt On First Receive Character mode 
is selected, this command reactivates that mode after each complete message is received to prepare 
the ZBO-SIO for the next message. 

Command 5 (Reset Transmitter Interrupt Pending). The transmitter interrupts when the transmit 
buffer becomes empty if the Transmit Interrupt Enable mode is selected. In those cases where there 
are no more characters to be sent (at the end of message, for example), issuing this command prevents 
further transmitter interrupts until after the next character has been loaded into the transmit buffer or 
until CRC has been completely sent. 

Command 6 (Error Reset). This command resets the error latches. Parity and Overrun errors are 
latched in RR1 until they are reset with this command. With this scheme, parity errors occurring In 
block transfers can be examined at the end of the block. 

Command 7 (Return From Interrupt). This command must be issued in Channel A and is interpreted 
by the ZBO-SIO in exactly the same way it would interpret a RETI command on the data bus. It resets 
the interrupt-under-service latch of the highest-priority internal device under service and thus allows 
lower priority devices to interrupt via the daisy chain. This command allows use of the internal daisy 
chain even in systems with no external daisy chain or RETI command. 




CRC Reset Codes and 1 (Dg and D7). Together, these bits select one of the three following reset 
commands: 



CRC Reset 
Codel 


CRC Reset 
CodeO 





1 
1 


Null Code (no effect) 

1 Reset Receive CRC Checker 

Reset Transmit CRC Generator 

1 Reset Tx Underrun/End Of Message Latch 



The Reset Transmit CRC Generator command normally initializes the CRC generator to all O's. If the 
SDLC mode is selected, this command initializes the CRC generator to all 1 's. The Receive CRC checker 
Is also initialized to all 1 's for the SDLC mode. 
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6.3 WRITE REGISTER 1 

WR1 contains the control bits for the various interrupt and Wait/Ready modes. 



D7 

Wait/Ready 
Enable 


Wait Or Ready 
Function 


D5 

Wait/Ready 

On Receive/Transmit 


D4 

Receive 

Interrupt Mode 1 


D3 

Receive 
Interrupt 
ModeO 


D2 
Status 
Affects 
Vector 


Transmit 
Interrupt 
Enable 


Do 
External 

Interrupts 

Enable 



External/Status Interrupt Enable ( Dp). The Ex ternal/ Status Interrupt Enable allows interrupts to 
occur as a result of transitions on the DCD, CTS or SYNC inputs, as a result of a Break/ Abort detection 
and termination, or at the beginning of CRC or sync character transmission when the Transmit 
Underrun/EOM latch becomes set. 

Transmitter Interrupt Enable (Di ). If enabled, the interrupts occur whenever the transmitter buffer 
becomes empty. 

Status Affects Vector (D2). this bit is active in Channel B only. If this bit is not set, the fixed vector 
programmed in WR2 is returned from an interrupt acknowledge sequence. If this bit is set, the vector 
returned from an interrupt acknowledge is variable according to the following interrupt conditions: 





V3 


V2 


Vl 




ChB 











1 
1 




1 



1 


Ch B Transmit Buffer Empty 
Ch B External/Status Change 
Ch B Receive Character Available 
Ch B Special Receive Condition* 


ChA 


1 
1 
1 
1 





1 
1 




1 



1 


Ch A Transmit Buffer Empty 
Ch A External/Status Change 
Ch A Receive Character Available 
Ch A Special Receive Condition* 



^Special Receive Conditions: Parity Error, Rx Overrun Error, Framing Error, End Of Frame (SDLC). 



Receive Interrupt Modes and 1 (D3 and D4). Together, these two bits specify the various 
character-available conditions. In Receive Interrupt modes 1 , 2 and 3, a Special Receive Condition can 
cause an interrupt and modify the interrupt vector. 



D4 



Receive 
Interrupt 
Mode 1 



D3 



Receive 
Interrupt 
ModeO 





1 
1 



0. Receive Interrupts Disabled 

1 1 . Receive Interrupt On First Character Only 

2. Interrupt On All Receive Characters— parity error is a Special Receive condition 

1 3. Interrupt On All Receive Characters— parity error is not a Special Receive condition 
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Wait/Ready Function Selection (D5-D7). The Wait and Ready functions are selected by 
controlling D5, Dg and D7. Wait/Ready function is enabled by setting Wait/Ready Enable (WR1 , 
D7) to 1. The Re ady Function is selected by setting Dg (Wait/Ready function) to 1 . If this bit is 1 , the 
WAIT/READY output switches from High to Low when the Z80- SIO is ready to tr ansfer data. The 
Wait function is selected by setting Dg to 0. If this bit is 0, the WAIT/READV output is in the 
open-drain state and goes Low when active. 

Both the Wait and Ready functions can be used in either the Transmit or Receive modes, but not both 
simultaneously. If D5 (Wait/Ready or Receive/Transmit) is set to 1 , the Wait/Ready function responds 
to the condition ofthe receive buffer (empty or full). If D5 is set to 0, the Wait/Ready function responds 
to the condition of the transmit buffer (empty or full). 



The logic states of the WAIT/READY output when active or inactive depend on the combination of 
modes selected. Following is a summary of these combinations: 



And Dq = 1 


If D7 = 


And Dg = 


A^ADY is High 




WAIT is floating 


And D5 = 


lfD7=1 


And D5 = 1 




READY Is High when transmit buffer is full. READ Y 

WAIT Is Low when transmit buffer is full and WAIT 

an SIO data port is selected. ^ 

READY Is Low when transmit buffer is empty. READ Y 

WAIT Is floating when transmit buffer is empty. WAIT 



Is High when receive buffer Is empty. 
Is Low when receive buffer is empty and 
an SIO data port is selected. 
Is Low when receive buffer is full. 
Is Floating when receive buffer is full. 



The WAIT output High-to-Low transition occurs when the delay time tplC(WR) after the I/O request 
The Low-to-High transition occurs with the delay tpH^WR) from the falling edge of $. The READY 
output High-to-Low transition occurs with the delay tpL^WR) from the rising edge of $. The 
READY output Low-to-High transition occurs with the delay tDlC(WR) after lORQ falls. 



The Ready function can occur anytime th eZ80- SIO is not selected. When thje READY output becomes 
active (Low), the DMA contr oller iss ues lORQ and the corresponding B/A a nd C/D inputs to the 
Z80-SIO to transfer data. The READY output becomes inactive as soon as lORQ and CS becom e active. 
Since the Ready function can occur internally In theZ80-SIO whether it is addressed or not, the READY 
output becomes inactive when any CPU data or command transfer takes place. This does not cause 
problems because the DMA controller is not enabled when the CPU transfer takes place. 

The Wait function — on the other hand— is active only if the CPU attempts to read Z80-SIO data that has 
not yet been received, which occurs frequently when block transfer instructions are used. The Wait 
function can also become active (under progr am control) if the CPU tries to write data while the 
transmit buffer is still full. The fact that the WAIT output for either channel can become active when the 
opposite channel is addressed (because the Z80-SIO is addressed) does not affect operation of 
software loops or block move instructions. 

6.4 WRITE REGISTER 2 

WR2 is the interrupt vector register; it exists in Channel B only. V4-V7 and Vq are always returned 
exactly as written; Vi -V3 are returned as written If the Status Affects Vector (WR 1 , D2) control bit is 0. If 
this bit is 1 , they are modified as explained in the previous section. 



D7 


D6 


D5 


D4 


D3 


D2 


Dl 


Do 


V7 


V6 


V5 


V4 


V3 


V2 


Vl 


vo 
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6.5 WRITE REGISTER 3 

WR3 contains receiver logic control bits and parameters. 



D7 


D6 


D5 


D4 


Receiver 
Bits/ 
Char1 


Receiver 

Bits/ 

CharO 


Auto 
Enables 


Enter 
Hunt 
Phase 


D3 


D2 


Di 


Do 


Receiver 

CRC 

Enable 


Address 
Search 
Mode 


Sync Char 
1 oad 
Inhibit 


Receiver 
Enable 



Receiver Enable (Dq)- A1 programmed into this bit allows receive operations to begin. This bit should 
be set only after all other receive parameters are set and receiver is completely initialized. 

Sync Character Load Inhibit (Di ). Sync characters preceding the message (leading sync characters) 
are not loaded into the receive buffers If this option is selected. Because CRC calculations are not 
stopped by sync character stripping, this feature should be enabled only at the beginning of the 
message. 

Address Search Mode (D2)- if SDLC is selected, setting this mode causes messages with addresses 
not matching the programmed address in WR6 or the global (11111111) address to be rejected. In 
other words, no receive interrupts can occur in the Address Search mode unless there is an address 
match. 

Receiver CRC Enable (D3). If this bit Is set, CRC calculation starts (or restarts) at the beginning of the 
last character transferred from the receive shift register to the buffer stack, regardless of the number of 
characters in the stack. See "SDLC Receive CRC Checking" (SDLC Receive section) and "CRC Error 
Checking" (Synchronous Receive section) for details regarding when this bit should be set. 

Enter Hunt Phase (D4). The Z80-SIO automatically enters the Hunt phase after a reset; however, it 
can be re-entered if character synchronization is lost for any reason (Synchronous mode) or if the 
contents of an incoming message are not needed (SDLC mode). The Hunt phase is re-entered by 
writing a 1 into bit D4. This sets the Sync/Hunt bit (D4) in RRO. 

Auto Enables (D5). If this mode is sel ected , D CD a nd CTS become the receiver and transmitter 
enables, respectively. If this bit is not set, DCD and CTS are simply inputs to their corresponding status 
bits in RRO. 

Receiver Bits/ Character 1 and (D7 and Dg). Together, these bits determine the number of serial 
receive bits assembled to form a character. Both bits may be changed during the time that a character is 
being assembled, but they must be changed before the number of bits currently programmed is 
reached. 



D7 


D6 


Bits/Character 





1 
1 



1 

1 


5 

': 1 
6 
8 
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6.6 WRITE REGISTER 4 

WR4 contains the control bits that affect both the receiver and transmitter. In the transmit and receive 
initialization routine, these bits should be set before issuing WR1, WR3, WR5, WR6,and WR7. 



D7 


D6 


D5 


D4 


D3 


D2 


Dl 


Do 


Clock 

Rate 

1 


Clock 

Rate 




Sync 
Modes 

1 


Sync 

Modes 




Stop 

Bits 

1 


Stop 

Bits 




Parity 
Even/Odd 


Parity 



Parity (Dq). If this bit is set an additional bit position (in addition to those specified in the 
bits/character control) is added to transmitted data and is expected in receive data. In the Receive 
mode, the parity bit received is transferred to the CPU as part of the character, unless 8 bits/character is 
selected. 

Parity Even Odd (D^ ). If parity is specified, this bit determines whether it is sent and checked as even 
or odd (1 =even). 




Stop Bits and 1 (D2 and D3). These bits determine the number of stop bits added to each 
asynchronous character sent. The receiver always checks for one stop bit. A special mode ^00) signifies 
that a synchronous mode is to be selected. 



D3 

Stop Bits 1 


D2 
Stop Bits 




1 
1 


Sync modes 

1 1 stop bit per character 

1 Vi stop bits per character 

1 2 stop bits per character 



Sync Modes and 1 (D4 and D5). These bits select the various options for character 
synchronization. 



Sync 
Model 


Sync 
ModeO 




1 
1 


8-bit programmed sync 

1 16-bit programmed sync 

SDLC mode (01 1 1 1 1 1 flag pattern) 

1 External Sync mode 



Cloclc Rate and 1 (Dg and D7). These bits specify the multiplier between the clock (TxC and RxC) 
and data rates. For synchronous modes, thexl clock rate must be specified. Any rate may be specified 
for asynchronous modes; however, the same rate must be used for both the receiver and transmitter. 
The system clock in all modes must be at least 5 times the data rate. If the x1 clock rate is selected, bit 
synchronization must be accomplished externally. 



Clock Rate 1 


Clock Rate 




1 
1 


Data Rate x1 =Clock Rate 

1 Data Rate x1 6= Clock Rate 

Data Rate x32=Clock Rate 

1 Data Rate x64=Clock Rate 
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6.7 WRITE REGISTER 5 

WR5 contains control bits that affect the operation of transmitter, with the exception of D2, which 
affects the transmitter and receiver. 



D7 


D6 


^5 


D4 


^3 


D2 


^1 


Do 


DTR 


Tx 
Bits/ 
Char1 


Tx 
Bits/ 
CharO 


Send 
Break 


Tx 
Enable 


CRC-16/ 
SDLC 


RTS 


Tx 

CRC 

Enable 



Transmit CRC Enable (Dq). This bit determines if CRC is calculated on a particular transmit 
character. If it is set at the time the character is loaded from the transmit buffer into the transmit shift 
register, CRC is calculated on the character. CRC is not automatically sent unless this bit is set when 
the Transmit Underrun condition exists. 

Request To Send (D-j ). This is the control bit for the RTS pin. When the RTS bit is set, the RTS pin goes 
Low; when reset, RTS goes High. In the Asynchronous mode, RTS goes High only after all the bits of the 
character are transmitted and the transmitter buffer is empty. In Synchronous modes, the pin directly 
follows the state of the bit. 



CRC-1 6/SDLC (D2). This bit selects the CRC polynomial used by both the lira nsmitter and receiver. 
When set, the CRC-1 6 polynomial (Xr® + X^^ + x^ + 1 ) is used; when reset, the SDLC polynomial (X^^ + 
X12 + X5 + 1 ) is used. If the SDLC mode is selected, the CRC generator and checker are preset to all 1 's 
and a special check sequence is used. The SDLC CRC polynomial must be selected when the SDLC 
mode is selected. If the SDLC mode is not selected, the CRC generator and checker are present to all O's 
(for both polynomials). 



Transmit Enable (D3). Data is not transmitted until this bit is set and the Transmit Data output is held 
marking. Data or sync characters in the process of being transmitted are completely sent if this bit is 
reset after transmission has started. If the transmitter is disabled during the transmission of a CRC 
character, sync or flag characters are sent instead of CRC. 

Send Break (D4). When set, this bit immediately forces the Transmit Data output to the spacing 
condition, regardless of any data being transmitted. When reset, TxD returns to marking. 

Transmit Bits/Character and 1 (D5 and Dg). Together, Dq and D5 control the nunriber of bits in 
each byte transferred to the transmit buffer. 



Dg 

Transmit Bits/ 
Character 1 


D5 

Transmit Bits/ 

Character 


Bits/Character 





1 
1 



1 


1 


Five or less 
7 
6 
8 



Bits to be sent must be right justified, least-significant bits first. The Five Or Less mode allows 
transmission of one to five bits per character; however, the CPU should format the data character as 
shown in the following table. 



D7 


D6 


D5 


D4 


D3 


D2 


Dl 


Do 




1 


1 


1 


1 











D 


Sends one data bit 


1 


1 


1 











D 


D 


Sends two data bits 


1 


1 











D 


D 


D 


Sends three data bits 


1 











D 


D 


D 


D 


Sends four data bits 











D 


D 


D 


D 


D 


Sends five data bits 
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Data Terminal Ready (Dy). This is the control bit for the DTR pin. When set, DTR is active (Low); when 
reset, DTR is inactive (High). 

6.8 WRITE REGISTER 6 

This register is programmed to contain the transmit sync character in the Monosync mcxJe, the first 
eight bits of a 1 6-bit sync character in the Bisync mcxie or a transmit sync character in the External 
Sync mode. In the SDLC mode, it is programmed to contain the secondary address field used to 
compare against the address field of the SDLC frame. 



D7 
Sync 7 


D6 
Sync 6 


D5 
Sync 5 


D4 
Sync 4 


D3 
Sync 3 


D2 
Sync 2 


Dl 
Synci 


Do 
SyncO 



6.9 WRITE REGISTER 7 

This register is programmed to contain the receive sync character In the Monosync mode, a second 
byte (last eight bits) of a 1 6-bit sync character in the Bisync mode and a flag character (01 1 1 1 1 10) in 
the SDLC mcxie. WR7 is not used in the External Sync mcxie. 




D7 
Sync 15 


D6 

Sync 14 


D5 
Sync 13 


D4 
Sync 12 


D3 
Sync 1 1 


D2 
Sync 10 


Di 

Sync 9 


Do 
Sync 8 
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7.0 READ REGISTERS 



7.1 INTRODUCTION 



The Z80-SI0 contains three registers, RR0-RR2 (Figure 71), that can be read to obtain the status 
information for each channel (except for RR2-Channel B only). The status information includes error 
conditions, interrupt vector and standard communications-interface signals. 

To read the contents of a selected read register other than RRO, the system program must first write the 
pointer byteto WRO in exactly the same way as a write register operation. Then, by executing an input 
instruction, the contents of the addressed read register can be read by the CPU. 

The status bits of RRO and RR1 are carefully grouped to simplify status monitoring. For example, when 
the interrupt vector Indicates that a Special Receive Condition interrupt has occurred, all the 
appropriate error bits can be read from a single register (RR1 ). 

7.2 READ REGISTER 



This register contains the status of the receive and transmit buffers, the DCD, CTS and SYNC inputs, 
the Transmit Underrun/EGM latch; and the Break/ Abort latch. 




D7 


D6 


D5 


D4 


D3 


D2 


D1 


Do 


Break 
Abort 


Transmit 

Underrun/ 

EOM 


CTS 


Sync/ 
Hunt 


DCD 


Transmit 
Buffer Empty 


Interrupt 

Pending 

(Ch. A only) 


Receive 
Character 
Available 



Receive Character Available (Dq). This bit is set when at least one character is available in the 
receive buffer; it Is reset when the receive FIFO is completely empty. 

Interrupt Pending (Di ). Any interrupting condition in the Z80-SIO causes this bit to be set; however, it 
is readable only in Channel A. This bit is mainly used in applications that do not have vectored interrupts 
available. During the interrupt service routine in these applications, this bit indicates if any interrupt 
conditions are present in all Z80-SIO. This eliminates the need for analyzing all the bits of RRO in both 
Channels A and B. BltD-i is reset when all the interrupting conditions are satisfied. This bit is always 
in Channel B. 

Transmit Buffer Empty (D2). This bit is set whenever the transmit buffer becomes empty, except 
when a CRC character is being sent in a synchronous or SDLC mode. The bit is reset when a character 
is loaded into the transmit buffer. This bit is in the set condition after a reset. 

Data Carrier Detect (D3). The DCD bit shows the inverted state of the DCD input at the time of the 
last change of any of the five External/ Statu s bits (DCD, CTS, Sync/Hunt, Break/Abort or Transmit 
Underrun/EGM). Any transition of the DCD input causes the DCD bit to be latched and causes an 
External/Status interrupt. To read the current state of the DCD bit, this bit must be read immediately 
following a Reset External/Status Interrupt command. 

Sync/Hunt (D4). Since this bit is controlled differently in the Asynchronous, Synchronous and SDLC 
modes, its operation is somewhat more complex than that of the other bits and, therefore, requires 
more explanation. 

In Asynchronous modes, the operation of this bit is similar to the DCD statu s bit, except that 
Sync/Hunt shows the state of the SYNC input. Any High-to-Low transition on the SYNC pin sets this 
bit and causes an External/Status interrupt (if enabled). The Reset External/Status Interrupt 
command is issued to clear the interrupt. A Low-to-High transition clears this bit and sets the 
External/Status interrupt. When the External/Status inte rrupt is set by the change in state of any 
other input or condition, this bit shows the inverted state of SYNC pin at the time of the change. This 
bit must be read immediately following a Reset External/Status Interrupt command to read the 
current state of the SYNC input. 

In the External Sync mode, the Sync/Hunt bit operates in a fashion similar to the Asynchronous mode, 
except the Enter Hunt Mode control bit enables the external sync detection logic. When the External 
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Sync Mo de and Enter Hunt Mode bits are set (for example, when the receiver is enabled following a 
reset), the SYNC input mu st be he ld High by the external logic until external character synchronization 
is achieved. A High at the SYNC input holds the Sync/Hunt status bit in the reset condition. 



When external synchronization is achieved, SYNC must be driven Low on the second rising edge of 
RxC on which the last bit of the sync character was received. In other words, after the sy nc pat tern is 
detec ted, th e external logic must wait for two full Receive clock cycles to activate the SYNC input. 
Once SYNC is forced Low, it is a good practice to keep it Low until the CPU informs the external sync 
logic that synchronization has been lost or a new message is about to start. Refer to Figure 8.6 for 
timing details. The High-to-Low transition of the SYNC input sets the Sync/Hunt bit, which— in 
turn — sets the External/Status interrupt. The CPU must clear the interrupt by issuing the Reset 
External/Status Interrupt command. 



When the SYNC input goes High again, another External/Status interrupt is generated that must also 
be cleared. The Enter Hunt Mode control bit is set whenever character synchronization is lost or t he end 
of message is detected. In this case, theZ80-SIO again looks for a High-to-Low transition on the SYNC 
input and the operation repeats as explained previously. This implies the CPU should also in form th e 
external logic that character synchronization has been lost and that the Z80-SIO is waiting for SYNC to 
become active. 



READ REGISTER BIT FUNCTIONS 
Figure 7.1 

READ REGISTER 
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READ REGISTER 2 
Figure 7.1 (Cont'd) 



D7 



D6 



D5 



D4 



D3 



D2 



D1 



Do 



tVARIABLE IF "STATUS AFFECTS VECTOR" IS PROGRAMMED 



-VO 

-V1tj 

-V2t 

-V3t| 

-V4 

-V5 

•V6 

-W 



INTERRUPT 
VECTOR 



In the Monosync and Bisync Receive modes, the Sync/Hunt status bit Is initially set to 1 by the Enter 
Hunt Mode bit. The Sync/Hunt bit is reset when the Z80-SIO establishes character synchronization. 
The High-to-Low transition of the Sync/Hunt bit causes an External/Status interrupt that must be 
cleared by the CPU issuing the Reset External/Status Interrupt command. This enables the Z80-SI0 to 
detect the next transition of other External/Status bits. 




When the CPU detects the end of message of that character and synchronization Is lost, it sets the 
Enter Hunt Mode control bit, which— in turn— sets the Sync/Hunt bit to 1 . The Low-to-High 
transition of the Sync/Hunt bit sets the External/Status interrupt, which must also be cleared by the 
Reset External/Status Interrupt command. Note that the SYNC pin acts as an output in this mode 
and goes Low every time a sync pattern is detected in the data stream. 

In the SDLC mode, the Sync/Hunt bit is initially set by the Enter Hunt mode bit or when the receiver is 
disabled. In any case, it is reset to when the opening flag of the first frame is detected by the Z80-SIO. 
The External/Status interrupt is also generated and should be handled as discussed previously. 

Unlike the Monosync and Bisync modes, once the Sync/Hunt bit is reset in the SDLC mode, it does not 
need to be set when the end of message is detected. The Z80-SIO automatically maintains 
synchronization. The only way the Sync/Hunt bit can be set again is by the Enter Hunt Mode bit or by 
disabling the receiver. 

Clear to Send (D5). This bit is similar to the DCD bit, except that it shows the inverted state of the CTS 
pin. 

Transmit Underrun/End of Message (Dg). This bit is in a set condition following a reset (internal or 
external). The only command that can reset this bit is the Reset Transmit Underrun/EOM Latch 
command (WRO, Dg and D7). When the Transmit Underrun condition occurs, this bit is set; its 
becoming set causes the External/Status interrupt, which must be reset by issuing the Reset 
External/Status Interrupt command bits (WRO). This status bit plays an important role in conjunction 
with other control bits in controlling a transmit operation. Refer to "Bisync Transmit Underrun" and 
"SDLC Transmit Underrun" for additional details. 

Break/ Abort (D7). In the Asynchronous Receive mode, this bit is set when a Break sequence (null 
character plus framing error) is detected in the data stream. The External/Status interrupt, if enabled, is 
set when Break is detected. The interrupt service routine must Issue the Reset External/Status 
Interrupt command (WRO, CMD2) to the break detection logic so the Break sequence termination can 
be recognized. 

The Break/Abort bit is reset when the termination of the Break sequence is detected in the incoming 
data stream. The termination of the Break sequence also causes the External/Status interrupt to be 
set. The Reset External/Status Interrupt command must be issued to enable the break detection logic 
to look for the next Break sequence. A single extraneous null character is present in the receiver after 
the termination of a break; it should be read and discarded. 

In the SDLC Receive mode, this status bit is set by the detection of an Abort sequence (seven or more 
1 's). The External/Status Interrupt is handled the same way as in the case of a Break. The Break/ Abort 
bit is not used in the Synchronous Receive mode. 
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7.3 READ REGISTER 1 

This register contains the Special Receive condition status bits and Residue codes for the l-field in the 
SDLC Receive Mode. 



D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 


End of 
Frame 
(SDLC) 


CRC/ 

Framing 

Error 


Receiver 

Overrun 

Error 


Parity 
Error 


Residue 
Code 2 


Residue 
Code1 


Residue 
Code 


Al 
Sent 



All Sent (Dq). In Asynchronous modes, this bit is set when all the characters have completely cleared 

the transmitter. Transitions of this bit do not cause interrupts. The bit is always set in Synchronous 

modes. 

Residue Codes 0, 1 ,and 2 (Di -D3). In those cases of the SDLC receive mode where the l-field is not 

an integral multiple of the character length, these three bits indicate the length of the l-field. These 

codes are meaningful only for the transfer in which the End Of Frame bit is set (SDLC). For a receive 

character length of eight bits per character, the codes signify the following: 









l-Field Bits 


l-Field Bits 


Residue 


Residue 


Residue 


In Previous 


In Second 


Code 2 


Code 1 


Code 


Byte 


Previous Byte 


1 











3 





1 
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1 


1 
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1 
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1 





1 





7 





1 


1 
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1 


1 


1 


1 


8 











2 


8 




l-Field bits are right-justified in all cases 





If a receive character length different from eight bits is used for the l-field, a table similar to the previous 
one may be constructed for each different character length. For no residue (that is, the last character 
boundary coincides with the boundary of the l-field and CRC field), the Residue codes are: 



Bits per Character 


Residue 
Code 2 


Residue 
Code 1 


Residue 
CodeO 


8 Bits per Character 
7 Bits per Character 
6 Bits per Character 
5 Bits per Character 








T 

1 



1 



1 



Parity Error (D4). When parity is enabled, this bit is set for those characters whose parity does not 
match the programmed sense (even/odd). The bit is latched, so once an error occurs, it remains set 
until the Error Reset command (WRO) is given. 

Receive Overrun Error (D5). This bit indicates that more than three characters have been received 
without a read from the CPU. Only the character that has been written over is flagged with this error, 
but when this character is read, the error condition is latched until reset by the Error Reset command. If 
Status Affects Vector is enabled, the character that has been overrun interrupts with a Special Receive 
Condition vector. 

CRC/Framing Error (Dg). If a Framing Error occurs (asynchronous modes), this bit is set (and not 
latched) for the receive character In which the Framing error occurred. Detection of a Framing Error 
adds an additional one-half of a bit time to the character time so the Framing Error is not interpreted as 
a new start bit. In Synchronous and SDLC modes, this bit indicates the result of comparing the CRC 
checker to the appropriate check value. This bit is reset by issuing an Error Reset command. The bit is 
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not latched, so it is always updated when the next character is received. When used for CRC error and 
status in Synchronous modes, it is usually set since most bit combinations result in a non-zero CRC, 
except for a correctly completed message. 

End of Frame (Dy). This bit is used only with the SDLC mode and indicates that a valid ending flag has 
been received and that the CRC Error and Residue codes are also valid. This bit can be reset by issuing 
the Error Reset command. It is also updated by the first character of the following frame. 

7.4 READ REGISTER 2 (Ch. B Only) 

This register contains the interrupt vector written into WR2 if the Status Affects Vector control bit is not 
set. If the control bit is set, it contains the modified vector shown in the Status Affects Vector paragraph 
of the Write Register 1 section. When this register is read, the vector returned is modified by the highest 
priority interrupting condition at the time of the read. If no interrupts are pending, the vector is modified 
with V3=0, V2=1, and Vi =1 . This register may be read only through Channel B. 

D? D6 D5 P4 D3 P2 Dl Dp 



V? Ve V5 V4 V3 V2 Vi Vo 

Variable if Status 
Affects Vector is 
enabled 




7.5 APPLICATIONS 

The flexibility and versatility of the Z80-SIO make it useful for numerous applications, a few of which 
are included here. These examples show several applications that combine the Z80-SIO with other 
members of the Z80 family. 

Figure 7.2 shows the simple processor-to-processor communication over a direct line. Both remote 
processors in this system can communicate to the Z80-CPU with different protocols and data rates. 
Depending on the complexity of the application, other Z80 peripheral circuits (Z80-CTC, for example) 
may be required. The unused channel of the Z80-SI0 can be used to control other peripherals, or they 
can be connected to other remote processors. 

Figure 7.3 illustrates how both channels of a single Z80-SIO are used with modems that have primary 
and secondary or reverse channel options. Alternatively, two modems without these options can be 
connected to the Z80-SI0. A suitable baud-rate generator (Z80-CTC) must be used for Asynchronous 
modems. 

Figure 7.4 shows the Z80-SIO in a data concentrator, a relatively complex application that uses two 
ZBO-SIOs to perform a variety of functions. The data concentrator can be used to collect data from many 
terminals over low-speed lines and transmit it over a single high-speed line after editing and 
reformatting. 

The Z80-DMA controller circuit is used with Z80-SIO #2 to transmit the reformatted data at high speed 
with the required protocol. The high-speed modem provides the transmit clock for this channel. The 
Z80-CTC counter-timer circuit supplies the transmit and receive clocks for the low-speed lines and is 
also used as a time-out counter for various functions. 

The Z80-SI0 #1 controls local or remote terminals. A single intelligent terminal is shown within the 
dashed lines. The terminal employs a Z80-SIO to communicate to the data concentrator on one 
channel while providing the interface to a line printer over its second channel. The intelligent terminal 
shown could be designed to operate interactively with the operator. 

Depending on the software and hardware capabilities built into this system, the data concentrator can 
employ store-and-forward or hold-and-forward methods for regulating information traffic between 
slow terminals and the high-speed remote processor. If the high-speed channel is provided with a 
dial-out option, the channel can be connected to a number of remote processors over a switched line. 
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SYNCHRONOUS/ASYNCHRONOUS PROCESSOR-TO-PROCESSOR COMMUNICATION (USING 
TELEPHONE LINE) 
Figure 7.2 





RSXYZ 
DRIVERS/ 
RECEIVERS 



RSXYZ 
DRIVERS/ 
RECEIVERS 





RSXYZ 
DRIVERS/ 
RECEIVERS 




BOTH CHANNELS OF A SINGLE Z80-SIO 
Figure 7.3 
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8.0 TIMING 

8.1 READ CYCLE 



The timing signals generated by a Z80-CPU input instruction to read a Data or Status byte from the 
Z80-SIO are illustrated in Figure 8.1 . 



READ CYCLE 
Figure 8.1 
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8.2 INTERRUPT ACKNOWLEDGE CYCLE 

After receiving an Interrupt Reque st signal (TNT pulled Low,) the Z80-CPU sends an Interrupt 
Acknowledge signal (Ml and lORQ both Low). The daisy-chained interrupt circuits determine the 
highest priority interrupt requestor. The lEI of the highest priority peripheral is terminated High. For any 
peripheral that has no interrupt pending or under service, IEO=IEI. Any peripheral that does have an 
interrupt pending or under service forces its lEO Low. 

To insure stable conditio ns in th e daisy chain, all-Interrupt status signals are prevented from changing 
while M1 is Low. When lORQ is Low, the highest priority interrupt requestor (the one with IE! High) 
places its Interrupt vector on the data bus and sets its internal interrupt-under-service latch. 

8.3 WRITE CYCLE 

Figure 8.2 Illustrates the timing and data signals generated by a Z80-CPU output instruction to write a 
Data or Control byte into the Z80-SIO. 
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Figure 8.3 
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8.4 RETURN FROM INTERRUPT CYCLE 

Normally, the Z80-CPU issues a RETI (Return from Interrupt) Instruction at the end of an interrupt 
service routine. RETI is a 2-byte opcode (ED-4D) that resets the interrupt-under-service latch to 
terminate the interrupt that has just been processed. This is accomplished by manipulating the daisy 
chain in the following way. 

The normal daisy chain operation can be used to detect a pending interrupt; however, it cannot 
distinguish between an interrupt under service and a pending unacknowledged interrupt of a higher 
priority. Whenever "ED" is decoded, the daisy chain is modified by forcing High the lEO of any interrupt 
that has not yet been acknowledged. Thus, the daisy chain identifies the device presently under service 
as the only one with an lEI High and an lEO Low. If the next opcode byte is "4D", the interrupt-under- 
service latch is reset. 

The ripple time of the interrupt daisy chain (both the High-to-Low and the Low-to-High transitions) 
limits the number of devices that can be placed in the daisy chain. Ripple time can be improved with 
carry-look-read, or by extending the interrupt acknowledge cycle. For further information about 
techniques for increasing the number of daisy-chained devices, refer to Mostek's Application Note 
on extending the Z80 Interrupt Daisy Chain. 

TYPICAL INTERRUPT SEQUENCE 
Figure 8.4 
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lEI lEO 



HIGH 



lEI lEO 



HIGH 



lEI lEO 



HIGH 



lEI lEO 



HIGH 



I El lEO 



5. CHANNELS TRANSMITTER SERVICE ROUTINE COMPLETE, SECOND RETI ISSUED. 
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8.5 DAISY CHAIN INTERRUPT NESTING 

Figure 8.4illustrates the daisy chain configuration of interrupt circuits and their behavior with nested 
interrupts (an interrupt that is interrupted by another with a higher priority). 

Each box in the illustration could be a separate external Z80 peripheral circuit with a user-defined order 
of interrupt priorities. However, a similar daisy chain structure also exists inside the Z80-SIO, which 
has six interrupt levels with a fixed order of priorities. 

The case illustrated occurs when the transmitter of Channel B interrupts and is granted service. While 
this interrupt is being serviced, it is interrupted by a higher priority interrupt from Channel A. The 
second interrupt is serviced and — upon completion — a RETI instruction is executed or a RETI command 
is written into the Z80-SIO, resetting the interrupt-under-service latch of the Channel A interrupt. At 
this time, the service routine for Channel B is resumed. When it is completed, another RETI instruction 
is executed to complete the interrupt service. 
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9.0 ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltages on all inputs and outputs with respect to GND -0.3V to +7.0V 

Operating Ambient Temperature As Specified in Ordering Information 

Storage Temperature -65°C to +1 50°C 

Stresses greater than those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections of these specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

STANDARD TEST CONDITIONS 



The characteristics below apply for the following 
standard test conditions, unless otherwise noted. All 
voltages are referenced to GND. Positive current flows 
into the referenced pin. Standard conditions are as 
follows: 

• +4.75V<Vcc^+5.25V 

• GND = OV 

• T^ as specified in Ordering Information 

All ac parameters assume a load capacitance of 1 00 pF 
max. Timing references between two output signals 
assume a load difference of 50 pF max. 

DC CHARACTERISTICS 



^cc 

I 2. IK 



FROM OUTPUT^ 
UNDER TEST 



lOOpFS: 



4t- 



J. J.250 



SYM 


PARAMETER 


MIN 


MAX 


UNIT 


TEST CONDITION 


VjLC 


Clock Input Lo\A/ Voltage 


-0.3 


+0.80 


V 




V|HC 


Clock Input High Voltage 


Vcc -0.6 


+5.5 


V 




V|L 


Input Low Voltage 


-0.3 


+0.8 


V 




V|H 


Input High Voltage 


+2.0 


+5.5 


V 




Vol 


Output Low Voltage 




+0.4 


V 


Iql = 2.0mA 


VOH 


Output High Voltage 


+2.4 




V 


Ioh = -250mA 


«LI 


Input Leakage Current 


-10 


+ 10 


mA 


0<V|N<Vcc 


'z 


3-State Output/Data Bus Input 
Leakage Current 


-10 


+ 10 


mA 


0<V,N<Vcc 


'L(SY) 


SYNC Pin Leakage Current 


-40 


+ 10 


mA 


0<V|N<Vcc 


'cc 


Power Supply Current 




100 


mA 





Overall specified temperature and voltage range. 



CAPACITANCE 



SYM 


PARAMETER 


MIN 


MAX 


UNIT 


TEST CONDITION 


C 


Clock Capacitance 




40 


pF 


Unmeasured 


C|N 


Input Capacitance 




10 


pF 


pins returned 


COUT 


Output Capacitance 




10 


pF 


to ground 



Over specified temperature range; f = 1 MHz 
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AC ELECTRICAL CHARACTERISTICS 



NUMBER 


SYM 


PARAMETER 


MK3 


584 


MK3884-4 


UNIT 


MIN 


MAX 


MIN 


MAX 


1 


TcC 


Clock Cycle Time 


400 


4000 


250 


4000 


ns 


2 


TwCh 


Clock Width (High) 


170 


2000 


105 


2000 


ns 


3 


TfC 


Clock Fall Time 




30 




30 


ns 


4 


TrC 


Clock Rise Time 




30 




30 


ns 


5 


TwCI 


Clock Width (Low) 


170 


2000 


105 


2000 


ns 


6 


TsAD(C) 


CF, C/D, B/A to Clock t Setup Time 


160 




145 




ns 


7 


TSCS(C) 


lORQ, RD to Clock t Setup Time 


240 




115 




ns 


8 


TdC(DO) 


Clock t to Data Out Delay 




240 




220 


ns 


9 


TsDI(C) 


Data In to Clock t Setup (Write or Ml 
Cycle) 


50 




50 




ns 


10 


TdRDIDOz, 


RD t to Data Out Float Delay 




230 




110 


ns 


11 


TdlO(DOI) 


lORQ 1 to Data Out Delay 
(INTA Cycle) 




340 




160 


ns 


12 


TsMI(C) 


Ml to Clock t Setup Time 


210 




90 




ns 


13 


TslEI(IO) 


lEI to lORQ i Setup Time (INTA Cycle) 


200 




140 




ns 


14 


TdMI(IEO) 


Ml i to lEO i Delay (interrupt 
before Ml ) 




300 




190 


ns 


15 


TdlEI(IEOr) 


lEI t to lEO t Delay (after ED decode) 




150 




TOO 


ns 


16 


TdlEKIEOf) 


lEI i tolEO 1 Delay 




150 




100 


ns 


17 


TdC(INT) 


Clock t to INT 1 Delay 




200 




200 


ns 


18 


TdIO 
(W/RWf) 






300 




210 


ns 


lOROlorCEitoW/RDYi 

Delay Wait 

Mode 


19 


TdC 
(W/RR) 






120 




120 


ns 


Clock! toW/RDYi Delay 
(Ready Mode) 


20 


TdC 
(W/RWz) 






150 




130 


ns 


Clock I to W/RDY Float Delay 
(Wait Mode) 


21 


Th 


Any unspecified Hold when Setup is 
specified 












ns 
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AC ELECTRICAL CHARACTERISTICS (continued) 



NUMBER 


SYM 


PARAMETER 


MK3 


884 


MK38 


184-4 


UNIT 


MIN 


MAX 


MIN 


MAX 


1 


TwPh 


Pulse Width (High) 


200 




200 




ns 


2 


TwPI 


Pulse Width (Low) 


200 




200 




ns 


3 


TcTxC 


TxC Cycle Time 


400 


oo 


400 


oo 


ns 


4 


TwTxCI 


TxC Width (Low) 


180 


oo 


180 


oo 


ns 


5 


TwTxCh 


TxC Width (High) 


180 


oo 


180 


oo 


ns 


6 


TdTxC(TxD) 


TxC 1 to TxD Delay (x1 Mode) 




400 




300 


ns 


7 


TdTxC 
(W/RRf) 


TxC I to W/RDY 1 Delay 
(Ready Mode) 


5 


9 


5 


9 


Clk Periods* 


8 


TdTxC(INT) 


TxC i to INT 1 Delay 


5 


9 


5 


9 


Clk Periods* 


9 


TcRxC 


RxC Cycle Time 


400 


oo 


400 


oo 


ns 


10 


TwRxCI 


RxC Width (Low) 


180 


oo 


180 


oo 


ns 


11 


TwRxCh 


RxC Width (High) 


180 


oo 


180 


oo 


ns 


12 


TsRxD(RxC) 


RxD to RxC t Setup Time 
(x1 Mode) 












ns 


13 


ThRxD(RxC) 


RxC t to RxD Hold time 
(x1 Mode) 


140 




140 




ns 


14 


TdRxC 
(W/RRf) 




10 


13 


10 


13 


Clk Periods* 


RxC t to W/RDY 1 Delay 
(Ready Mode) 


15 


TdRxC(INT) 


RxC t to INT i Delay 


10 


13 


10 


13 


Clk Periods* 


16 


TdTxC(INT) 


TxC 1 to INT i Delay 


5 


9 


5 


9 


Clk Periods* 


17 


TdRxC 
(SYNC) 




4 


7 


4 


7 


Clk Periods* 


RxC r to SYNC i Delay 
(Output Modes) 


18 


TsSYNC 
(RxC) 




-100 




-100 




ns 


SYNC 1 to RxC t Setup 
(External Sync Modes) 



In all modes, the System Clock rate must be at least five times the maximum data rate. 
RESET must be active a minimum of one complete Clock Cycle. 
•System Clock 
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AC ELECTRICAL CHARACTERISTICS 
Figure 8.5 
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AC ELECTRICAL CHARACTERISTICS 
Figure 8.6 
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PIN ASSIGNMENTS 
Figure 8.7 



MK3884 
Z80-SIO/0 



MK3885 
Z80-SIO/1 



Di^ 


1 40 


*«o 


D3-O 


2 


39 


*>-02 


D5*** 


3 


38 


*>04 


0-7-4* 


4 


37 


♦*^D6 


i'nt-<- 


5 


36 


♦-IORQ 


IEI-* 


6 


35 


*-CE 


lEO-*- 


7 


34 


^B/A 


mT-* 


8 


33 


^C/D 


Vdd- 


9 
10 


32 
31 


4- RD 


W/RDYA ■<- 


— GND 


SYNCA-** 


11 
12 


30 
29 


-►W/RDYB 


RxDA—* 


**-SYNCB 


RxCA-> 


13 


28 


<- RxDB 


TxCA-* 


14 


27 


^ RxTxCB 


TxDA-4- 


15 


26 


-►TxDB 


DTRA-*- 


16 


25 


-►DTRB 


RTSA-*- 


17 


24 


-»-RTSB 


CTSA-> 


18 


23 


^-CTSB 


DCDA-* 


19 


22 


*- DCDB 


$ — 


20 


21 


♦-RESET 



Di^ 


1 40 


«-Oo 


03^ 


2 


39 


^D2 


DbH 3 


38 


-tt^D4 


07^ 


4 


37 


*^D6 


INT-*- 


5 


36 


^lORQ 


IEI-» 


6 


35 


♦-CE 


IEO-<- 


7 


34 


^B/A 


mT-* 


8 


33 


<-C/D 


Vdd— 


9 


32 


<-RD 


W/RDYA -*- 


10 
11 
12 


31 
30 
29 


— GND 


SYNCA-** 


-♦-W/RDYB 


RxDA-* 


**-SYNCB 


RxCA-> 


13 


28 


^- RxDB 


t7ca-». 


14 


27 


^ Rl^CB 


TxDA-«- 


15 


26 


♦-T^JCB 


DTRA-*- 


16 


25 


-^ TxDB 


RTSA-<- 


17 


24 


-♦► RTSB 


CTSA— ^ 


18 


23 


LcTSB 


DCDA-». 


19 


22 


4- DCDB 


$ — 


20 


21 


^ftESET 




MK3887 
Z80-SIO/2 



Di^ 


1 "^ 40 


*M3o 


D3-H- 


2 


39 


«^2 


D5-«- 


3 


38 


«^4 


D7^ 


4 


37 


♦>D6 


INT-<- 


5 


36 


<-IORQ 


IEI-* 


6 


35 


<-CE 


IEO-<- 


7 


34 


4-B/A 


M1-> 


8 


33 


<-C/D 


Vdd— 


9 
10 
11 


32 
31 
30 


*-RD 


W/RDYA ^^- 


— GND 


SYNCA-^ 


-►W/ftDYB 


RxDA— ► 


12 


29 


<— RxDB 


RxCA— > 


13 


28 


4-RxCB 


TxCA-> 


14 


27 


*— TxCB 


TxDA-<- 


15 


26 


-^TxDB 


DTRA-^ 


16 


25 


-►DTRB 


RTSA<<- 


17 


24 


-♦►RTSB 


CTSA-* 


18 


23 


♦-CTSB 


DCDA-* 


19 


22 


«— DCDB 


$ — 


20 


21 


*- RESET 
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10.0 ORDERING INFORMATION 



PART NO. 


ZILOG 
EQUIVALENT 


PACKAGE TYPE 


MAX CLOCK 
FREQUENCY 


TEMPERATURE 
RANGE 


MK3884N 
MK3884P 
MK3884N-10 
MK3884P-10 


Z80-SIO 
Z80-SIO 
Z80-SIO 
Z80-SIO 


Plastic 
Ceramic 
Plastic 
Ceramic 


2.5MHz 
2.5MHz 
2.5MHz 
2.5MHz 


0°C to + 70°C 
0°C to + 70°C 
-40°C to + 85°C 
-40°C to + 85°C 


MK3884N-4 
MK3884P-4 


Z80A-SIO 
Z80A-SIO 


Plastic 
Ceramic 


4MHz 
4MHz 


0°Cto + 70°C 
0°Cto + 70°C 


MK3885N 
MK3885P 
MK3885N-10 
MK3885P-10 


Z80-SIO 
Z80-SIO 
Z80-SIO 
Z80-SIO 


Plastic 
Ceramic 
Plastic 
Ceramic 


2.5MHz 
2.5MHz 
2.5MHz 
2.5MHz 


0°C to + 70°C 
0°C to + 70°C 
-40°C to + 85°C 
-40°C to 4- 85°C 


MK3885N-4 
MK3885P-4 


Z80A-SIO 
Z80A-SIO 


Plastic 
Ceramic 


4MHz 
4MHz 


0°Cto + 70°C 
0°C to + 70°C 


MK3887N 
MK3887P 
MK3887N-10 
MK3887P-10 


Z80-SIO 
Z80-SIO 
Z80-SIO 
Z80-SIO 


Plastic 
Ceramic 
Plastic 
Ceramic 


2.5MHz 
2.5MHz 
2.5MHz 
2.5MHz 


0°Cto + 70°C 
0°Cto + 70°C 
-40°Cto + 85°C 
-40°C to + 85°C 


MK3887N-4 
MK3887P-4 


Z80-SIO 
Z80-SIO 


Plastic 
Ceramic 


4MHz 
4MHz 


0°C to + 70°C 
0°C to + 70°C 



NOTE: Refer to section on Pin Description for explanation of the differences between the MK3884, MK3885, and MK3887. 
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1.0 GENERAL DESCRIPTION 

1.1 INTRODUCTION 

The MK3801 Z80 STI (Serial Timer Interrupt) is a Z80 microprocessor peripheral designed to serve a 
broad range of applications. By incorporating multiple functions within theZSO STI, the designer is 
offered maximum flexibility while keeping the device count to a minimum. The STI integrates four 
functions within a 40 pin package: Binary Timers, Parallel I/O, Interrupts, anda USART. Given these 
features, the STI becomes a versatile device which can serve not only a specific design requirement, 
but a combination thereof. A few examples of these features include: 

• Full Duplex Usart with modem controls, DMA Handshake, and baud rate generator 

• 8 bit parallel I/O port with timers 

• Multifunctional Programmable Timers with Interrupts 

• Interrupt Controller 

The Interrupt Controller includes 1 6 prioritized, vectored interrupts which provide maximum speed 
and efficiency in servicing the various device functions. If interrupts are not desired, each channel 
may be operated in a polled mode. The STI was designed not only to interface to the Z80 CPU, but 
also to virtually any microprocessor. Because the STI uses an asynchronous clock, ail timing 
parameters are referenced from the control signals (unlike other Z80 peripherals, which are 
referenced to the system clock). There is also a special provision for handling interrupts in non-Z80 
systems. 

1.2 FEATURES 

Major features of the Z80 STI are: 

• Full duplex USART with programmable DMA control signals 

• Two binary delay timers 

• Two full feature binary timers with: 

* Delay to interrupt mode 

* Pulse width measurement mode 

* Event counter mode 

• Eight general purpose lines with: 

* Full bi-directional I/O capability 

* Edge triggered interrupts on either edge 

• Full control of each interrupt channel 

* Enable/disable 

* Maskable 

* Automatic end of interrupt mode 

* Software end of interrupt mode 

1.3 PIN DESCRIPTION 




Vss 

CE: 

RD 

WR 

A0-A3 



Ground 

+ 5 volts (±5%) 

Chip Enable (Input, active low) 

Read Enable (Input, active low) 

Write Enable (Input, active low) 

Address Inputs. Used to address one of the internal registers during a read or write 

operation. 
D0-D7: Data Bus (bi-directional) 

Used to receive data from or transmit data to one of the internal registers during a 
' read or write operation; 

RESET: Device reset. (Input, active low). When activated, all internal registers (except for 

timer, USART Data registers, and xmit status register) will be cleared. All timers will 

be stopped. The USART receiver and transmitter will be turned off. All interrupt 

channels will be disabled and all pending interrupts will be cleared. The General 
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DEVICE PINOUT 
Figure 1 



TAO 1 C 


• 


1140 Vcc 


TBO 2E 




339 RC 


TCO 3C 




3 38 SI 


TDO 4 C 




I]37 SO 


TCLK 5 C 




D 36 TC 


MT 6C 




U 35 Aq 


RESET 7 L 


D34 A, 


lo 8L: 




1133 A2 


1, 9c: 




1132 A3 


I2 IOC 

I3 11c 


MK3801 
Z80-STI 


D 31 WR 
D30 CE 


U 12 C 




J 29 RD 


'5 1 3 (I 




1128 D^ 


"e 14 C 




3 27 Dg 


I7 15 C 




H 26 D5 


lEi led 




H 25 D^ 


INT 1 / L 




D24 D3 


lEO ISC 




1123 D2 


lORQ 19 L 




D 22 D, 


Vss 20 c 




1121 D, 



Figure 1 illustrates the pinout 
functions of these individual pins 



for the MK3801. The 
are described below. 



Purpose Interrupt / I/O lines will be placed in the tri-state input mode. All timer 
outputs will be forced to the low (logic "0") state only when TCLK is running. 
General Purpose Interrupt / I/O lines. These lines may be used as interrupt inputs 
and/or I/O lines. When used as interrupt inputs, their active edge is programmable. 
A data direction register is used to define which lines are to be Hi-Z inputsand which 
lines are to be push-pull outputs. 

Interrupt Request. Used to communicate an interrupt request from the STI to the 
CPU. /INT is an active low open drain output. _^^ 



"o-|7: 



INT: 



lORO: 



lEI: 

lEO: 

SO: 

SI: 

RC: 

TC: 

TAO-TDO: 



TCLK: 



M1: 



Input/Output Request from Z80-CPU (input, active low). The lORQ signal is used in 

conjunction with Ml to signal the MK3801 that the CPU is acknowledging its 

interrupt. 

Interrupt Enable In. (Active high) Used to signal the STI that no higher priority device 

is requesting interrupt service. 

Interrupt Enable Out. (Active high) Used to signal lower priority peripherals that 

neither the STI nor another higher priority peripheral is requesting interrupt service. 

Serial Output. This is the output of the USART transmitter. 

Serial Input. This is the input to the USART receiver. 

Receiver Clock. This input controls the serial bit rate of the USART receiver. 

Transmitter Clock. This input controls the serial bit rate of the USART transmitter. 

Timer Outputs. Each of the four timers has an output which can produce a square 

wave. The output will change states each timer cycle; thus one full period of the 

timer out signal is equal to two timer cycles. 

Timer Clock Input. All chip accesses are independent of any system clock. Thus only 

the timers need a frequency reference. That reference can be a system clock or any 

other clock source. 

Z80 Machine Cycle One (inp ut, act ive low). Each time this input goes active, 

interrupt priorities are frozen. If fORQ also goes active, and an interrupt is pen ding, a 

vector will be passed. Thus the interrupt acknowledge is defined as Ml lORQ. M1 is 

also used along with RD'to scan for the ED 4D(RETI) op-code for the automatic end of 

service feature available with the Z-80. 
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INTERNAL ORGANIZATION 
Figure 2 
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ADDR (4) 
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PURPOSE 

I/O - INTRPT 



INTERRUPT 
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M1 
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t 
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Figure 2 illustrates the MK3801 Internal organization, 
which supports the full set of timing, communications, 
parallel I/O, and interrupt processing functions available in 
the device. 



1.4 INTERNAL REGISTERS 

There are 24 internal registers used to control the operation of the STL 16 of these registers are 
directly addressable. Eight registers are indirectly addressable. The first directly addressable 
register, the Indirect Data Register(IDR) is used in conjunction with the Pointer/Vector register to 
access the eight indirectly accessible registers. The address of the desired indirectly accessible 
register must first be loaded into the three lowest order bits of the Pointer/Vector Register. Any 
subsequent access of the IDR will access the Indirect register whose address is contained in the 
three lowest order bits of the Pointer/Vector Register. 
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DIRECTLY ACCESSIBLE REGISTERS 
Figure 3 



ADDRESS 


ABBREVIATION 


REGISTER NAME 





lOR 


Indirect Data Register 


1 


GRIP 


General Purpose l/0-lnterrupt 


2 


IPRB 


Interrupt Pending Register B 


3 


IPRA 


Interrupt Pending Register A 


4 


ISRB 


Interrupt in-Service Register B 


5 


ISRA 


Interrupt in-Service Register A 


6 


IMRB 


Interrupt Mask Register B 


7 


IMRA 


Interrupt Mask Register A 


8 


PVR 


Pointer/Vector Register 


9 


TABCR 


Timers A and B Control Register 


A 


TBDR 


Timer B Data Register 


B 


TADR 


Timer A Data Register 


C 


UCR 


USART Control Register 


D 


RSR 


Receiver Status Register 


E 


TSR 


Transmitter Status Register 


F 


UDR 


USART Data Register 



INDIRECTLY ADDRESSABLE REGISTERS 
Figure 4 



INDIRECT ADDRESS 


ABBREVIATION 


REGISTERNAME 





SCR 


Sync Character Register 


1 


TDDR 


Timer D Data Register 


2 


TCDR 


Timer C Data Register 


3 


AER 


Active Edge Register 


4 


lERB 


Interrupt Enable Register B 


5 


lERA 


Interrupt Enable Register A 


6 


DDR 


Data Direction Register 


7 


TCDCR 


Timers C and D Control Register 



1.5 REGISTER ACCESSES 

All register accesses are independent of any system clock. To read a register, bothCE andRD must 
be active. The internal read control signal is essentially the combination of both CE and RD active; 
thus, the read operation will begin when the later of these two signals goes active and will end when 
the first signal goes inactive. The address bus must be stable prior to the start of the operation and 
must remain stable until the end of the operation. Unless a read operation, or interrupt acknowledge 
cycle, is in progress, the data bus (D0-D7) will remain in the tri-state condition. 



To write a register, both CE and WR must be active. The address must be stable prior to the start of 
the operation and must remain stable until the end of the operation. The data must be stable prior to 
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- Address setup time for a read cycle 
^HAR ~ Required address hold ti me fol lowing a read cycle 
^DRD ~ ^^^ output delay from CERD 
Tqq2 ~ Time to tri-state following a read cycle 
Tpni - CERD pulse width low (read cycle) 

= CERD high time between read cycles 





= Required data hold time following a write cycle 



the end of the operation and must remain stable until the end of th e operation. The data presented 
on the bus will be latched into the register shortly after either WR or CS goes inactive. 

Note that the control sjgnal lORQ is not used internally to enable the device. This requires that lORQ 
be used in decoding CE. The STI uses lORQ for Interrupt Acknowledge only. 

1.6 INTERRUPTS 

There are sixteen interrupt channels on the STI. Interrupts may be either polled or vectored. Each 
channel may be individually enabled or disabled by writing a one or a zero in the appropriate bit of 
lERA or lERB. When disabled, an interrupt channel is completely inactive. Any internal or external 
action which would normally produce an interrupt on that channel is ignored. Any pending interrupt 
on that channel will be cleared by disabling that channel. Disabling an interrupt channel has no 
effect on the corresponding bit in ISRA or ISRB; thus. If the software automatic end of interrupt mode 
Is used and an interrupt is in service on that channel when the channel is disabled, it will remain in 
service until cleared in the normal manner. lERA and lERB are also readable. 

When an Interrupt is received on an enable channel, its corresponding bit in the pending register will 
be set. When that channel is acknowledged it will pass its vector, and the corresponding bit In the 
pending register will be cleared. IPRA and IPRB are readable; thus by polling IPRAand IPRB, it can be 
determined whether a channel has a pending interrupt. IPRA and IPRB are writeable and a pending 
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interrupt can be cleared without going through the acknowledge sequence by writing a zero to the 
appropriate bit. This allows any one bit to be cleared, without altering any other bits, simply by 
writing all ones except for the bit position to be cleared to IPRA or IPRB. Thus a fully polled interrupt 
scheme is possible. 

The interrupt mask register (IMRA and IMRB) may be used to block a channel temporarily from 
making an interrupt request. Writing a zero into the corresponding bit of the mask register will still 
allow the channel to receive an interrupt and latch it into its pending bit (if that channel is enabled), 
but will prevent that channel from making an interrupt request. If that channel is causing an 
interrupt request at the time the corresponding bit in the mask register is cleared, the request will 
cease. If no other channel is making a request, INT will go inactive and lEO will go high. Note that if 
IEI were low, indicating that a higher priority device were requesting interrupt service, INT would 
already be inactive and lEO would remain low. If the mask bit is re-enabled, any pending interrupt is 
now free to resume its request unless blocked by a higher priority request for service. IMRA and 
IMRB are also readable. 



There are two end of interrupt modes: the automatic end of interrupt mode and the software end of 
interrupt mode. The mode is selected by writing a one or a zero to the S bit of the Pointer/Vector 
Register. If the S bit of the PVR is a one, all channels operate in the software end of interrupt mode. If 
the S bit is a zero, all channels operate in the automatic end of interrupt mode. In the automatic end 
of interrupt mode, the pending bit is cleared when that channel passes its vector. At that point, no 
further history of that interrupt remains in the STI. In the software end of interrupt mode, the 
in-service bit is set and the pending bit is cleared when the channel passes its vector. With the 
in-service bit set, no lower priority channel is allowed to request an interrupt or to pass its vector 
during an acknowledge sequence; however, a lower priority channel may still receive an interrupt 
and latch it into the pending bit. A higher priority channel may still request an interrupt and be 
acknowledged. The in-service bit of a particular channel may be cleared by writing a zero to the 
corresponding bit in ISRA or ISRB. Typically, this will be done at the conclusion of the interrupt 
routine just before the return. Thus no lower priority channel will be allowed to request service until 
the higher priority channel is complete, while channels of still higher priority will be allowed to 
request service. The in-service bit can be cleared automatically by an RETI instruction. While the 
in-service bit is set, a second interrupt on that channel maybe received and latched into the pending 
bit, though no service request will be made in response to the second interrupt until the in-service bit 
is cleared. ISRA and ISRB may be read at anytime. Only a zero may be written into any bit of ISRA 
and ISRB; thus the in-service bits may be cleared in software but cannot be set in software. This 
allows any one bit to be cleared, without altering any other bits, simply by writing all ones except for 
the bit position to be cleared to ISRA or ISRB, as with IPRA and IPRB. 

INTERRUPT ACKNOWLEDGE CYCLE " ~ ' 

Figure? 



lORQ 




-- lORQ Pulse Width Low 

= M1 Setup Time prior to lORQ For an Acknowledge cycle 

= Access Time for Vector 

= Time to TrI-State Followin g a Vector 

. = Data hold time following M1 lORQ during interrupt acknowledge cycle 
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Each interrupt channel responds with a discrete 8-bit vector when acknowledged. The upper three 
bits of the vector are set by writing the upper three bits of the PVR. The four next lower order bits (Bit 
4-Bit 1 ) are generated by the interrupting channel, and Bit of the vector is always a zero. 

To acknowledge an interrupt, Ml must first be pulled low. With M1 low, interrupts will be frozen. 
lORQ must subsequently be pulled low with Ml remaining lo w. The vector will now be driven onto 
the data bus and will remain on the bus as long as both Ml and lORQ remain low, and the bus will go 
to the tri-state mode shortly after either signal returns to the inactive state. 

INTERRUPT CONTROL REGISTER DEFINITIONS 

Figure 8 

There are sixteen interrupt channels on the STI arranged in the following priority: 



PRIORITY 



CHANNEL DESCRIPTION 



ALTERNATE USAGE 



HIGHEST 



LOWEST 



1111 General Purpose Interrupt 7{\-j) 

1110 General Purpose Interrupt 6{lg) 

1101 Timer A 

1100 Receive Buffer Full 

1 01 1 Receive Error 

1 01 Transmit Buffer Empty 

1001 Transmit Error 

1000 Timer B 

01 1 1 General Purpose Interrupt b(\^) 

01 1 General Purpose Interrupt 4(14) 

0101 Timer C 

0100 Timer D 

001 1 General Purpose Interrupt SIU) 

0010 General Purpose Interrupt 2(l2) 

0001 General Purpose Interrupt 1 (1^ ) 

0000 General Purpose Interrupt 0(Iq) 



TA (PW-Event) 



TB (PW-Event) 

DMA (TR)TX 
DMA (RR)REC 



Figure 8 describes the 1 6 prioritized interrupt channels. As shown. General Purpose Interrupt 7 has 
the highest priority, while General Purpose Interrupt is assigned the lowest priority. Each of these 
channels may be reprioritized, in effect, by selectively masking interrupts under software control. 
The binary numbers under "channel" correspond to the modified bits V4, V3, V2, and VI, 
respectively, of the Interrupt Vector for each channel. 

Each channel has an enable bit contained in lERA or lERB, a pending latch contained in IPRA or 
IPRB, a mask bit contained in IMRA or IMRB, and an in-service latch contained in ISRA or ISRB. 
Additionally, the eight General Purpose Interrupts each have an edge bit contained in the Active 
Edge Register, (AER), a direction bit in the Data Direction Register (DDR), and an I/O port 
addressable as a bit in the General Purpose Interrupt-I/O Port (GRIP). 

The Active Edge Register (AER) allows each of the General Purpose Interrupts to produce an 
interrupt on either a 1 -0 transition or a 0-1 transition. Writing a zero to the appropriate bit of the AER 
causes the associated input to produce an interrupt on the 1-0 transition, while a 1 causes the 
interrupt on the 0-1 transition. The edge bit is simply one input to an exclusive-or gate, with the other 
input coming from the input buffer and the output going to a 1-0 transition detector. Thus, 
depending upon the state of the input, writing the AER can cause an interrupt-producing transition, 
which will cause an interrupt on the associated channel if that channel is enabled. One would then 
normally configure the AER before enabling interrupts via lERA and lERB. 

The DDR is used to define Iq-I^ as inputs or as outputs on a bit by bit basis. Writing a zero into a bit of 
the DDR causes the corresponding interrupt-l/0 pin to be a Hi-Z input. Writing a one into a bit of the 
DDR causes the corresponding pin(s) to be configured as a push-pull output. When data is written 
into the GRIP, those pins defined as inputs will remain in the Hi-Z state while those pins defined as 
outputs will assume the state (high or low) of their corresponding bit In the GRIP. When the GRIP is 
read, the data read will come directly from the corresponding bit of the GRIP register for all pins 
defined as output. For the bits defined as inputs, the data will come from the input buffers of the pins. 
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The control bits for each interrupt channel are summarized in the following table: 



INTERRUPT CHANNEL CONTROL BITS 
Figure 9 



Channel 


Enable 
Bit 


Pending 
Bit 


Mask 
Bit 


Service 
Bit 


Active 

Edge 

Bit 


Data 

Direction 

Bit 


Port 
Bit 


17 


IERA7 


IPRA7 


IMRA7 


ISRA7 


AER7 


DDR7 


GPIP7 


'6 


lERAg 


IPRAg 


IMRAe 


ISRAg 


AERg 


DDRg 


GPIPg 


Timer A 


IERA5 


IPRA5 


IMRA5 


ISRA5 








Receive 

Buffer 

Full 


IERA4 


IPRA4 


IMRA4 


ISRA4 








Receive 
Error 


IERA3 


IPRA3 


IMRA3 


ISRA3 


, 






Transmit 

Buffer 

Empty 


IERA2 


IPRA2 


IMRA2 


ISRA2 








Transmit 
Error 


IERA1 


IPRA1 


IMRA1 


ISRA1 








Timer B 


lERAo 


IPRAo 


IMRAo 


ISRAq 








I5 


IERB7 


IPRB7 


IMRB7 


ISRB7 


AER5 


DDR5 


GPIP5 


'4 


lERBg 


IPRBe 


IMRBg 


ISRBq 


AER4 


DDR4 


GPIP4 


Timer C 


IERB5 


IPRB5 


IMRB5 


ISRB5 








Timer D 


IERB4 


IPRB4 


IMRB4 


ISRB4 








«3 


IERB3 


IPRB3 


IMRB3 


ISRB3 


AER3 


DDR3 


GPIP3 


'2 


IERB2 


IPRB2 


IMRB2 


ISRB2 


AER2 


DDR2 


GPIP2 


>1 


IERB1 


IPRB1 


IMRB1 


ISRB1 


AERi 


DDRi 


GPIP1 


b 


lERBo 


IPRBo 


IMRBq 


ISRBq 


AERo 


DDRo 


GPlPo 
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The complete definition of the PVR and of the interrupt vector is summarized below: 

POINTER/VECTOR REGISTER (PVR) PORT 08 
Figure 1 



IAq - lAj: Address of register 

to be accessed via the IDR. 

S: In-Service Register 
Enable. 

VR^: Vector register bit can 
be used as a control bit. 
It can be written to as a 
user status flag. When the 
VR is read, it is read as 
the value that was last 
written to it by the user. 

Vg - V^: Upper three bits of 
interrupt vector. 
Written into the VR by 
the user. 




INTERRUPT VECTOR 
Figure 1 1 



IVq: Always zero 

IV^ - IV^: Vector bits 1 through 4. 
Supplied by the STI based 
upon the interrupting channel. 
The lowest priority channel 
resonds with 0000 for IV^ - IV^ 
respectively. The next higher priority 
channel responds with 0001 , and 
so on in binary order, with the 
highest priority channel responding 
with 1111. (See Figure 8) 

Vg - V^: 3 most significant bits. 

Copied from the Pointer/Vector 
Register (PVR). (See Figure 5). 



1.7 USART 



The USART is a full duplex double buffered unit. The USART Data Register (UDR) is used to access 
both the receive buffer and the transmit buffer. When data is written to the UDR, it is latched into the 
transmit buffer. When the UDR is read, the data comes from the receive buffer. 

There is a USART Control Register (UCR) used to configure certain properties of both the transmitter 
and the receiver. 
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USART CONTROL REGISTER (UCR) Port C 
Figure 12 



UCRy 














UCRo 


1 =^16 
= -r1 


WL, 


WLo 


ST, 


STo 


PARITY 

ENABLED 

ONI 


1 = EVEN 
= ODD 


DMA 

CONTROL 

ENABLE 



1 =^16: 
= -M 



WLO-WLI: 



When this bit is zero, data will be clocked into and out of the receiver and 
transmitter at the frequency of their respective clocks. When this bit is loaded with 
a one, data will be clocked into and out of the receiver and transmitter at one 
sixteenth the frequency of their respective clocks. Additionally, when placed in the 
divide by sixteen mode, the receiver data transition resynchronization logic will be 
enabled. 

Word Length Control. These two bits set the length of the data word (exclusive of 
start bits, stop bits,and parity bits) as follows: 



WL1 




1 
1 



WLO 



1 



1 



Word Length 

8 bits 
7 bits 
6 bits 
5 bits 



ST0-ST1 : Start/ Stop bit control (format control). These two bits set the format as follows: 



E/0: 



DMA: 



T1 


STO 


Start Bits 


Stop Bits 


Format 














SYNC 





1 


1 


1 


ASYNC 


*1 





1 


1 Vi 


ASYNC 


1 


1 


1 


2 


ASYNC 



*NOTE ^ 16 only 

Parity Enabled. When set ("1"), parity will be checked by the receiver, parity will be 
calculated, and a parity bit will be inserted by the transmitter. When cleared ("0"), no parity 
check will be made and no parity bit will be inserted for transmission. 

The syncoharacter length is the word length plus one when parity is enabled. The extra bit 
in the sync character is transmitted as the parity bit. However, with a word length of eight, 
when parity is selected, the parity bit for the sync character is computed and added on by 
theSTI. 

Even-Odd. When set ("1 "), even parity will be used if parity is enabled. When cleared ("0"), 
odd parity will be used if parity is enabled. 

When the bit is set to a one, GPI pin and GPI pin 1 are programmed to be outputs. Pin 
reflects the status of the receiver buffer full flag. Pin 1 reflects the status of the transmitter 
buffer empty flag. 



Note that the synchronous or asynchronous format may be selected independently of a -M or -M 6 
clock. Thus it is possible to clock data synchronously into the device but still use start and stop bits. In 
this mode, all normal asynchronous format features still apply. Data will be shifted in after a start bit 
is encountered, and a stop bit will be checked to determine proper framing. If a transmit underrun 
condition occurs, the output will be placed in a marking state, etc. It is conversely possible to clock 
data in asynchronously using a synchronous format. There is data transition detection logic built into 
the receive clock circuitry which will re-synchronize the Internal shift clock on each data transition 
so that, with sufficiently frequent data transitions, start bits are not required. In this mode, all other 
common synchronous features function normally .This re-synchronization logic is only active in ^1 6 
clock mode. 
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1.7.1 RECEIVER 



The receiver section of the USART is configured by the UCR as previously described. The 
status of the receiver can be determined by reading and writing to the Receiver Status 
Register (RSR). The RSR is configured as follows: 



RECEIVER STATUS REGISTER (RSR) PORT D 
Figure 1 3 



RSR7 














RSRo 


BUFFER 
FULL 


OVERRUN 
ERROR 


PARITY 
ERROR 


FRAME 
ERROR 




MATCH/CHARACTER 
IN PROGRESS 


SYNC STRIP 
ENABLE 


RECEIVER 
ENABLE 


FOUND/SEARCH 
OR BREAK DETECT 



BF: Buffer Full. This bit is set when the incoming word is transferred to the 
receive buffer. The bit is cleared when the receive buffer is read by reading 
the UDR. This bit of the RSR is read only. 

OE: Overrun Error. This flag is set if the incoming word is completely received and 
due to be transferred to the receive buffer, but the last word in the receive 
buffer has not yet been read. When this condition occurs, the word In the 
receive buffer is not overwritten by the new word. Note that the status flags 
always reflect the status of the data word currently in the receive buffer. As 
such, the OE flag is not actually set until the good word currently In the buffer 
has been read. The interrupt associated with this error will also not be 
generated until the old word in the receive buffer has been read. 

OE flag is cleared by reading the receiver status register, and new data words 
cannot be shifted to the receive buffer until this is done. 




PE: Parity Error. This flag is set if the word received has a parity error. The flag is 
set when the received word is transferred from the shift register to the 
receive buffer if the error condition exists. The flag is cleared when the next 
word which does not have a parity error is transferred to the receive buffer. 

FE: Frame Error. Thisflag only applies to the asynchronousformat.Aframe error 
is defined as a non-zero data word which is not followed by a stop bit. Like the 
PE flag, the FE flag is set or cleared when a word is tra nsf erred to the receive 
buffer. 



F/S: Found/Search. This combination control bit and flag bit is only used with the 
synchronous format. It can be set or cleared by writing to this bit of the RSR. 
When this bit is cleared, the receiver is placed in the search mode. In this 
mode, a bit by bit comparison of the incoming data to the character in the 
Sync Character Register (SCR) is made. The word length counter is disabled. 
When a match is found, this bit will be set automatically, and the word length 
counter will start as sync has now been achieved. An interrupt will be 
generated on the receive error channel when the match occurs. The word 
just shifted in will, of necessity, be equal to the sync character, and it will not 
be transferred to the receive buffer. 



Break. This flag is used only when the asynchronous format is selected. This 
flag will be set when an all zero data word, followed by no stop bit, is received. 
The flag will stay set until both a non-zero bit is received and the RSR has 
been read at least once since the flag was set. Break indication will not occur 
if the receive buffer is full. 



111-263 



M/CIP: Match/Character in Progress. If the synchronous format is selected, this flag 
is the Match flag. It will be set each time the word transferred to the receive 
buffer matches the sync character. It will be reset each time the word 
transferred to the receive buffer does not match the sync character. If the 
asynchronous format is selected, this flag represents Character in Progress. 
It will be set upon a start bit detect and cleared at the end of the word. 

SS: Sync Strip Enable. If this bit is set to a one, data words that match the sync 
character will not be loaded into the receive buffer, and no buffer full or match 
signal will be generated. 

RE: : Receiver Enable. This control bit is used to enable or disable the receiver. If a 
zero is written to this bit of the RSR, the receiver will turn off Immediately. All 
flags including the F/?bit will be cleared. If a one is written to this bit, normal 
receiver operation is enabled. The receive clock has to be running before the 
receiver is enabled. 



There are two interrupt channels associated with the receiver. One channel is used for the 
normal Buffer Full condition, while the other channel is used whenever an error condition 
occurs. Only one interrupt is generated per word received, but dedicating two channels 
allows separate vectors: one for the normal condition, and one for an error condition. If the 
error channel is disabled, an interrupt will be generated via the Buffer Full Channel, 
whether the word received is normal or in error. Those conditions which produce an 
Interrupt via the error channel are: Overrun, Parity Error, Frame Error, Sync Found, and 
Break. If a received word has an error associated with it, and the error interrupt channel is 
enabled, an interrupt will occur on the error channel only. 

Each time a word is transferred into the receive buffer, a corresponding set of flags is 
latched Into the RSR. No flags (except CIP) are allowed to change until the data word has 
been read from the receive buffer. Reading the receive buffer a I lows a new data word to be 
transferred to the receive buffer when it is received. Thus one should first read the RSR then 
read the receive buffer (DOR) to ensure that the flags just read match the data word just 
read. If done in the reverse order, it is possible that subsequent to reading the data word 
from the receive buffer, but prior to reading the RSR, a new word may be received and 
transferred to the receive buffer and, with it, its associated flags latched into the RSR. Thus, 
when the RSR is read, those flags may actually correspond to a different data word. It is 
good practice, also, to read the RSR prior to a data read as, when an overrun error occurs, 
the receiver will not assemble new characters until the RSR has been read. 

As previously stated, when overrun occurs, the OE flag will not be set and the associated 
interrupt will not be generated until the receive buffer has been read. If a break occurs, and 
the receive buffer has not yet been read, only the B flag will be set (OE will not be set). Again, 
this flag will not be set until the last valid word has been read from the receive buffer. If the 
break condition ends and another whole data word is received before the receive buffer is 
read, both the B and OE flags will be set once the receive buffer is read. 

If a break occurs while the OE flag is set, the B flag will also be set. 

A break generates an Interrupt when the condition occurs and again when the condition 
ends. If the break condition ends before it is acknowledged by reading the RSR, the end of 
break interrupt will be generated once the RSR is read. 

Anytime the asynchronous format is selected, start bit detection is enabled. New data is not 
shifted into the shift register until a zero bit is detected. If a-^1 6 clock is selected, along with 
the asynchronous format, false start bit detection is also enabled. Any transition has to be 
stable for 3 positive going edges of the receive clock to be called a valid transition. For a start 
bit to be good, a valid 0-1 transition must not occur for 8 positive clock transitions after the 
initial valid 1 -0 transition. 
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After a good start bit has been detected, valid transitions in the data are checked for 
continuously. When a valid transition is detected, the counter is forced to state zero, and no 
more transition checking is started until state four. At state eight, the "previous state" of the 
transition checking logic is clocked into the receiver. 

As a result of this resynchronization logic, it is possible to run with asynchronous clocks 
without start and stop bits if there are sufficient valid transitions in the data stream. This 
logic also makes the unit more tolerant of clock skew for normal asynchronous 
communications than a device which employs only start bit synchronization. 

1 .7.2 TRANSMITTER 

The transmitter section of the USART is configured as to format, word length, etc. by the 
UCR, as previously described. The status of the transmitter can be determined by reading or 
writing the Transmitter Status Register (TSR). The TSR is configured as follows: 



TRANSMITTER STATUS REGISTER (TSR) PORT E 
Figure 14 




TSR^ 



TSR„ 



BUFFER 
EMPTY 


UNDERRUN 
ERROR 


AUTO 
TURNAROUND 


END OF 
TRANSMISSION 


BREAK 


HIGH 


LOW 


TRANSMITTER 
ENABLE 



BE: Buffer Empty. This status bit is set when the word In the transmit buffer is 
transferred to the output shift register and thus the transmit buffer may be 
reloaded with the following word. The flag is cleared when the transmit 
buffer is reloaded. The transmit buffer is loaded by writing to the UDR. 

UE: This bit is set when the last word has been shifted out of the transmit shift 
register before a new word has been loaded into the transmit buffer. The bit is 
cleared by reading the TSR or by disabling the transmitter. It is not necessary 
to clear this bit before loading the UDR. 

AT: This bit causes the receiver to be enabled at the end of the transmission of the 
last word in the transmitter. The user must turn off the transmitter before the 
end of the last word. 

END: End of transmission. When the transmitter is turned off with a character still 
in the output shift register, transmission will continue until that character is 
shifted out. Once it has cleared the output register, the END bit will be set. If 
no character is being transmitted when the transmitter is disabled, the 
transmitter will stop at the next rising edge of the shift clock, and END will 
immediately be set. The END bit is cleared by re-enabling the transmitter. 

B: Break. This control bit will cause a break to be transmitted. When a "1 " is 
written to the B bit of the TSR, a break will be transmitted upon completion of 
the character (if any) currently being transmitted. A break will continue to be 
transmitted until the B bit is cleared by writing a "0" to this bit of the TSR. At 
that time, normal transmission will resume. The B bit has no function in the 
synchronous format. Setting the "B" bit to a one keeps the "BE" bit from 
bei ng set to a one. So, if there were a word in the buffer at the start of break, it 
would remain there until the end of break, at which time it would be 
transmitted (if the transmitter is still enabled). If the buffer were not full at the 
start of break, it could be written at any time during the break. If the buffer is 
empty at the end of break, the underrun flag will be set (unless the 
transmitter is disabled). 
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H,L: High and Low. These two control bits are used to configure the transmitter 
output when the transmitter is disabled, as follows: 

H L Output State 

Hi-Z 

1 LowC'O") 

1 High 

1 1 Loop - Connects transmitter output to receiver input 

and TC to Receiver Clock (RC and SI are not 
used; they are bypassed internally). In loop 
back mode, transmitter output goes high when 
disabled. 

Altering these two bits after XE is low will alter the output state. 

XE: Transmitter Enable. This control bit is used to enable or disable the 
transmitter. When set the transmitter is enabled. When cleared, the 
transmitter will be disabled. If disabled, any word currently in the output 
register will continue to be transmitted until finished. If a break is being 
transmitted when XE is cleared, the transmitter will turn off at the end of the 
break character, and no end of break stop bit is transmitted. The transmit 
clock must be running before the transmitter is enabled. A "one" bit always 
precedes the first word out of the transmitter after the transmitter is enabled. 
There is a delay between the time the transmitter enable bit is written and 
when the transmitter reset goes low; therefore, the H & L bits should be 
written with thedesired state when the transmitter enable bit is written high. 

The transmit buffer can be loaded prior to enabling the transmitter. When the 
transmitter is disabled, any character currently in the process of being 
transmitted will continue to conclusion, but any character in the transmit 
buffer will not be transmitted and will remain in the buffer. Thus no buffer 
empty interrupt will occur nor will the BE flag be set If the buffer were already 
empty, the BE flag would be set and would remain set. When the transmitter 
is disabled with a character in the output register but with no character in the 
transmit buffer, an Underrun Error will not occur when the character in 
progress concludes. 

Like the receiver section, there are two separate interrupt channels 
associated with the transmitter. The Buffer Empty condition causes an 
interrupt via onechannel, while the Underrun and END conditions will cause 
an interrupt via the second channel. When underrun occurs in the 
synchronous format the character in the SCR will be transmitted until a new 
word is loaded into the transmit buffer. In the asynchronous format a "Mark" 
will be continuously transmitted when underrun occurs. 

Often it is necessary to send a break for some particular period. To aid in timing a break 
transmission, an END interrupt will be generated at every normal character boundary time 
during a break transmission. 

If the synchronous format is selected, the sync character should be loaded into the Sync 
Character Register (SCR). This character is compared to the received serial data during a 
Search, and will be continuously transmitted during an underrun condition. 

All flags in the RSR or TSR will continue to function as described whether their associated 
interrupt channel is disabled or enabled. All interrupt channels are edge triggered and, in 
many cases, it is the actual output of a flag bit or flag bits which is coupled to the interrupt 
channel. Thus, if a normal interruptproducing condition occurs while the interrupt channel 
is disabled, no interrupt would be produced even if the channel was subsequently enabled, 
because a transition did not occur while the interrupt channel was enabled. That particular 
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flag bit would have to occur a second time before another "edge" was produced, causing an 
interrupt to be generated. 

Error conditions in the USART are determined by monitoring the Receive Status Register 
(Port D) and the Transmitter Status Register (Port E). These error conditions are only valid for 
each word boundary and are not latched. When executing block transfers of data, it is 
necessary to save any errors so that they can be checked at the end of a block. In order to 
save error conditions during data transfer, the STI interrupt controller may be used by 
enabling error interrupts (Port 5, Indirect) for the desired channel (Receive error or Transmit 
error) and by masking these bits off (Port 7). Once the transfer is complete, the Interrupt 
Pending Register (Port 3) can be polled to determine the presence of a pending error 
interrupt, and therefore an error. 

Unused bits in the sync character register are zeroed out; therefore, word length should be 
set up prior to writing the sync word in some cases. Sync word length is the word length 
plus one when parity is enabled. The user has to determine the parity of the sync word 
when the word length is not 8 bits. The STI does not add a parity bit to the sync word if the 
word length is less than 8 bits. The extra bit in the sync word is transmitted as the parity bit. 
With a word length of eight, and parity selected, the parity bit for the sync word is computed 
and added on by the STI. 




1.8 TIMERS 



There are four timers on the STI. Two of the timers (Timer A and Timer B) are full function timers 
which can perform the basic delay function and can also perform event counting and pulse width 
measurement. The other two timers (Timer C and Timer D) are delay timers only. One or both of 
these timers can be used to supply the baud rate clocks for the USART. Each timer has a prescaler 
which divides the timer clock down before entering the main timer unit. 

With the timer stopped, no counting can occur. The timer contents will remain unaltered while the 
timer is stopped (unless reloaded by writing the Timer Data Register), but any residual count in the 
prescaler will be lost. 

In the delay mode, the prescaler is always active. A count pulse will be applied to the main timer unit 
each time the prescribed number of timer clock cycles has elapsed. Thus, if the prescaler is 
programmed to divide by ten, a count pulse will be applied to the main counter every ten cycles of the 
timer clock. 

The counters are initially loaded by writing to the Timer Data Register. Each count pulse will cause 
the current count to decrement. When the timer has decremented down to "01 ", the next count 
pulse will not cause it to decrement to "00". Instead, the next count pulse will cause the timer to be 
reloaded from its Timer Data Register. Additionally, a "Time Out" pulse will be produced. This Time 
Out pulse Is coupled to the timer interrupt channel, and, if that channel is enabled, an interrupt will 
be produced. The Tirne Out pulse is also coupled to the timer output pin and will cause the pin to 
change states. The output will remain in this new state until the next Time Out pulse occurs. Thus 
the output will complete one full cycle for each two Time Out pulses. 

If, for example, the prescaler were programmed to divide by ten, and the Timer Data Register were 
loaded with 1 00 (decimal), the main counter would decrement once for every ten cycles of the timer 
clock. A Time Out pulse will occur (hence an interrupt if that channel is enabled) every 1 000 cycles of 
the timer clock, and the timer output will complete one full cycle every 2000 cycles of the timer clock. 

The counters are 8-bit binary down counters. They may be read at any time by reading their Timer 
Data Register. The information read is the information last clocked Into the timer read register when 
the RD pin had last gone low prior to the current read cycle. When written, data is loaded into the 
Timer Data Register, and the counter, if the timer is stopped. If the Timer Data Register is written 
while the timer is running, the new word is not loaded into the timer until it counts through H"01 ". 
However, if the timer is written while it is counting through H"01 ", erroneous data will probably be 
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written into the timer. This may be circumvented by ensuring that the data register is not written to 
when the count is H "01 ". 

If the main counter is loaded with "01 ", a Time Out Pulse will occur every time the prescaler 
presents a count pulse to the main counter. If loaded with "00", a Time Out pulse will occur after 
every 256 count pulses. 

Changing the prescale value with the timer running can cause the first Time Out pulse to occur at an 
indeterminate time (no less than one nor more than 200 timer clock cycles), but subsequent Time 
Out pulses will then occur at the correct interval. 

In addition to the delay mode described above, Timers A and B can also function in the pulse width 
measurement mode or in the event count mode. In either of these two modes, an auxiliary control 
signal is required. The auxiliary control input for Timer A is I4 and, for Timer B, I3 is used. The 
interrupt channel associated with each input is still fully functional. 

The pulse width measurement mode functions much like the delay mode. However, in this mode, 
the auxiliary control signal acts as an enable to the timer. When the control signal is inactive, the 
timer will be stopped. When it is active, the prescaler and counter are allowed to run. Thus the width 
of the active pulse is determined by the numberof timer counts which occur while the pulse allows 
the timer to run. The active state of the control signal is dependent upon that pin's edge bit. If the 
edge bit associated with the input is a one, it will be active high; thus the timer will be allowed to run 
when the input is at a high level. If the edge bit is a zero, the input will be active low. As previously 
stated, the interrupt input associated with the input still functions when the timer is used In the 
pulse width mode. However, if the timer is programmed for the pulse width measurement mode, the 
interrupt caused by transitions on the associated input will occur on the opposite transition. For 
example, if the edge bit associated with the input were a one, an interrupt would normally be 
generated on the 0-1 transition. If the timer associated with the input is placed in the pulse width 
measurement mode, the interrupt will occur on the 1 -0 transition instead. Because the edge bit is a 
one, the timer will be allowed to count while the input is high. When the input makes the high to low 
transition, the timer will stop, and it is at this point that the interrupt will occur (assuming that the 
channel is enabled). This allows the interrupt to signal the CPU that the pulse being measured has 
terminated; thus thetimer may now be read to determine the pulse width. If the associated timer is 
re-programmed for another mode, interrupts will again occur on the transition, as normally defined 
by the edge bit. Note that, like changing the edgebit, placing thetimer into or taking It out of the pulse 
width mode can produce a transition on the signal to the interrupt channel and may cause an 
interrupt. If measuring consecutive pulses, it is obvious that one must read the contents of the timer 
and then reinitialize the counter by writing to the timer data register. If the timer data register is 
written while the pulse is going to the active state, the write operaton will probably result In 
erroneous data being written into the counter. If the timer is written after the pulse goes active, the 
timer counts from the previous contents, and when it counts through H"01 ", the correct value is 
written into the timer. The pulse width then includes counts from before the timer was reloaded. 

In the event count mode, the prescaler is disabled. Each time the control input makes an active 
transition as defined by the edge bit, a count pulse will be generated, and the main counter will 
decrement. In all other respects, the timer functions as previously described. Altering the edge bit 
while the timer is in the event count mode can produce a count pulse. The interrupt channel 
associated with the Input is allowed to function normally but would not normally be enabled as the 
timer is automatically counting transitions on the input. If the channel were enabled to interrupt, an 
interrupt would be produced on each transition, and the number of transitions could be counted in 
software by incrementing a register or word in memory during the interrupt routine without 
requiring the use of the timer. To count transitions reliably, the input must remain In each state (1 
and 0) for a length of time equal to 4 periods of the timer clock; thus signals of a frequency up to one 
fourth that of the timer clock can be counted. 

The manner in which the timer output pins toggle states has previously been described. All timer 
outputs will be forced low by a device RESET. The output associated with Timers A and B will toggle 
on each Time Out pulse regardless of the mode the timers are programmed to. In addition, the 
outputs from Timers A and B can be forced low at any time by writing a "1 " to the AR and BR bits 
respectively, in theTCDCR. The output will be forced low only during the WRITE operation, and at the 
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conclusion of the operation, the output will again be free to toggle each time a Time Out pulse 
occurs. 



During reset, the Timer Data Registers and the main counters are not reset. Also, if using the reset 
option on Timers A or B, one must make sure to keep the other bits in the correct state so as not to 
affect the operation of Timers C and D. 

The Timer A and B Control Register (TABCR) is defined as follows: 

TIMER A AND B CONTROL REGISTER (TABCR) Port 9 
Figure 15 



TABCR, 














TABCRo 


AC3 


AC, 


AC, 


AC„ 


BC3 


BC, 


i BC, 


BCo 


1 \ . > 1 .,_„ ,, 1 



Control Bits 



Control Bits 




The four control bits are used to select the timer mode and prescale value as shown below: 



CONTROL BIT DEFINITION 


Figure 1 6 
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C2 


Ci 


Co 
















Timer 













Delay 













Delay 












Delay 





1 








Delay 





1 







Delay 





1 







Delay 





1 






Delay 













Event 












Pulse 












Pulse 











Pulse 




1 








Pulse 




1 







Pulse 




1 







Pulse 




1 






Pulse 



Stopped 

Mode, -^4 Prescale 
Mode, -M Prescale 
mode, -M 6 Prescale 
Mode, -^50 Prescale 
Mode, -^64 Prescale 
Mode, -MOO Prescale 
Mode, ^200 Prescale 
Count Mode 

Width Mode, -t-4 Prescale 
Width Mode, -MO Prescale 
Width Mode, -r1 6 Prescale 
Width Mode, -^50 Prescale 
Width Mode, -^64 Prescale 
Width Mode, ^100 Prescale 
Width Mode, 4-200 Prescale 



The Timer C and D Control Register (TCDCR) is defined as follows: 



TIMER C AND D CONTROL REGISTER (TCDCR) Indirect Port 7 
Figure 17 



TCDCR7 



TCDCRn 



TIMER A 
RESET 


CC^ 


cc, 


CCo 


TIMER B 
RESET 


DC2 


DC, 


DC„ 




1 


1 


1 




CC2 
C 


-CC^iTin 
Control Bit 


lerC 
s 


DC 


2-DCo:T 
Control B 


imer D 
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Three control bits are used to control each timer, as defined below: 



CONTROL BIT DEFINITION 
Figure 1 8 



C2 






1 
1 
1 
1 






1 
1 




1 
1 



Co 


1 



1 



1 



1 



Timer Stopped 
Delay Mode, -r4 Prescale 
Delay Mode, -4-10 Prescale 
Delay Mode, -M 6 Prescale 



Delay Mode, 



Delay Mode, -r64 Prescale 



Delay Mode, 
Delay Mode, 



50 Prescale 



100 Prescale 
200 Prescale 
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MK3801 ELECTRICAL SPECIFICATIONS - PRELIMINARY 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias -25°C to + 100°C 

Storage Temperature -65°C to + 1 50°C 

Voltage on Any Pin with Respect to Ground -.3 V to + 7 V 

Power Dissipation 1 .5 W 

Stresses above those listed under "Absolute Maximum Ratmgs" may cause permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

T^ = 0°C to 70°C, Vcc = +5 V ± 5% unless otherwise specified. 



SYM 


PARAMETER 


MIN 


MAX 


UNIT 


TEST 
CONDITION 


V|H 


Input High Voltage 


2.0 


VCC + .3 


V 




V|L 


Input Low Voltage 


-0.3 


0.8 


V 




VOH 


Output High Voltage 


2.4 




V 


loH = -120/iA 


Vol 


Output Low voltage 




0.4 


V 


l0L= 2.0 mA 


'll 


Power Supply Current 




180 


mA 


Outputs Open 


Ili 


Input Leakage Current 




±10 


mA 


V,N = OtoVcc 


'loh 


Tri-State Output Leakage Current in Float 




10 


mA 


VouT=2.4toVcc 


'lol 


Tri-State Output Leakage Current in Float 




-10 


mA 


VouT = 0.4V 


All voltac 


les are referenced to ground. 












CAPACITANCE 

T;^ = 25°C, f = 1 MHz unmeasured pins returned to ground. 



SYM 


PARAMEIbR 


MAX 


UNIT 


TEST 
CONDITION 


C|N 


Input Capacitance 


10 


pf 


Unmeasured 
pins 

returned to 
ground 


Cqut 


Tri-State Output Capacitance 


10 


Pf 
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A.C. CHARACTERISTICS 

Ta = 0°C to 70X, Vcc = +5 V ± 5% unless otherwise noted. 



SIGNAL 


SYMBOL 


PARAMETER 


MK3801.0 


MK3801-4 


MK3801-6 


UNIT 


CONDITION 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


A0-A3 


^SAR 
& 

"^SAW 


Address setup time 
prior to falling edge of 
CEWR or CERD 


80 




30 




15 




ns 






"^HAR 
& 

Thaw 

„.,- 


Address hold time 
after rising edge of 
CEWR or CERD 

















ns 




CEWR 


^WL 
TyvW 

^WRD 


CEWR pulse width low 
(write cycle) 


360 
580 
580 




205 
400 
400 




175 
300 
300 




ns 
ns 
ns 


Notel 


CEWR high time 
between write cycles 


CEWR high to CERD 
low 


CERD 


Trdl 
Trr 
"•"mird 
"•^rdw 


CERD pulse width low 
(read cycle) 


400 
300 
225 
125 




250 
200 
165 
100 




215 
190 
95 
75 




ns 
ns 
ns 


Note 1 


CERD high time 
between read cycles 


Rising M1RD to falling 


M1RD 


CERD high to CEWR 
low 


Ml 


^SMI 


M1 setup time prior to 
falling lORQ during 
interrupt acknowledge 


800 




500 




350 




ns 




lORQ 


T|OL 


lORQ low time 


300 




185 




170 




ns 




lEI 


^SIEI 


Setup to falling lORQ 
during interrupt 
acknowledge 


140 




80 




65 




ns 






"^srd 


Setup prior to end of 
4D read on RETI 


100 




50 




40 




ns 




D0-D7 


"•"sDMI 


Data valid prior to 
rising RD (Ml cycle) 


65 




50 




45 




ns 


Load 

100 pf 

+ 

1 TTL load 




^HDMI 


Data hold time after 
rising RD (Ml cycle) 

















ns 




Tdrd 


Data output delay 
from CERD 




400 




250 




215 


ns 






"•^SDW 


Data setup time to 
rising edge of CEWR 


350 




280 




175 




ns 






^HDW 


Data hold time from 
rising edge of CEWR 

















ns 






"•"ddi 


Data output delay from 
falling lORQ during 
interrupt acknowledge 




300 




185 




170 


ns 
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A.C. CHARACTERrSTICS (Continued) 



SIGNAL 


SYMBOL 


PARAMETER 


MK3801-0 


MK3801-4 


MK3801-6 


UNIT 


CONDITION 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




'''dhvz 


Data hold time 
following M1 lORQ 
during interrupt 
acknowledge cycle. 

















ns 






"^DDZ 


Delay to float 




150 




100 




80 


ns 




«0-«7 


T|PW 


Minimum active pulse 
width 


200 




100 




90 




ns 






T,CY 


Minimum time 
between active edges 


200 




100 




90 




ns 






"■^DIW 


Data valid from rising 
CEWR 




600 




500 




400 


ns 


Load 
100 pf 
+ 1 TTL 


RR 


"^DRR 


Delay from rising RC 




360 




240 




195 


ns 


1TTL 


TR 


"•"dtr 


Delay from rising TC 




450 




295 




240 


ns 




TAO-TDC 


"•"dtw 

^DTI 


Timer output low from 
rising edge of CEWR 

(A &B) (Reset Tout) 
Tqut valid from 
Internal timeout 




600 

2tcLK 

+400 




500 

2tcLK 

+300 




400 

2tcLK 

+250 


ns 
ns 


Load 

100 pf 

+ 

1 TTL load 


TCLK 


\lkl 


Low time 


130 




95 




75 




ns 






^CLKH 


High time 


130 




95 




75 




ns 






\kc 


Cycle time 


300 


2500 


200 


2500 


165 


2500 


ns 




RESET 


Trsl 


Low time for part 
reset 


3 




2 




1.6 




MS 




lEO 


"^DIEOH 


lEO delay from rising 
edge of IE! 




200 




130 




100 


ns 


Load 
100 pf 




^DIEOL 


lEO delay from falling 
edge of lEI 




200 




130 




100 


ns 


1 TTL load 




"•"dieom 


lEO delay from falling 
edge of M1 (interrupt 
occurring just prior to 

mT) 




270 




190 




110 


ns 






Tdieoa 


Delay to rising lEO 
from rising lORQ dur- 
ing interrupt acknow- 
ledge 




1000 




800 




600 


ns 






"•"dieor 


Delay to rising lEO 
from rising edge of RD 
during ED fetch of 
RETI 




500 




400 




300 


ns 




INT 


"■"dix 


Delay to falling INT 
from external inter- 
rupt active transition 




550 




380 




300 


ns 


Open drain 
load 100 pf 

2.1 K resistor 



n 
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A.C. CHARACTERISTICS (Continued) 



SIGNAL 


SYMBOL 


PARAMETER 


MK3801-0 


MK3801-4 


MK3801-6 


UNIT 


CONDITION 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




"•"dii 


Delay to falling INT 
from internal inter- 
rupt transition 




360 




280 




250 


ns 






^DTI 


Transmitter Internal 
interrupt transition 
delay from rising 
or falling edge 
ofTC 




560 




390 




360 


ns 






^DRI 


Receiver buffer full 
internal interrupt 
transition delay 
from rising edge 
ofRC 




400 




300 




270 


ns 






^DREI 


Receiver error 
internal Interrupt 
transition delay 
from falling edge 
OfRC 




550 




430 




400 


ns 




SI 


"^SSI 


Serial in set up time 
to rising edge of RC 
(Divide by one only) 


80 




80 




55 




ns 






"^HSI 


Data hold time from 
rising edge of RC 
(Divide by one only) 


400 




350 




300 




ns 




SO 


"^DSO 


Data valid from falling 
edge of TC 




420 




390 




345 


ns 


lOOpf + ITTL 
load 


TC 


^TGL 


Low time 


650 




500 




400 




ns 






"^TCH 


High time 


650 




500 




400 




ns 






"^TCCY 


Cycle time 


1.5 




1.05 




.85 




MS 




RC 


"•^RCL 


Low time 


650 




500 




400 




ns 






"^RCH 


High time 


650 




500 




400 




ns 






"•"rccy 


Cycle time 


1.5 




1.05 




.85 




MS 





NOTES: 

1 . One wait state must be inserted when used as a 6 MHz memory mapped device. 

2. All A.C. measurements are referenced to V(l max., V|h min., VqsIO.S V), or(2.0V). 
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OUTPUT LOAD CIRCUIT 
Figure 1 9 



FROM OUTPUT Q- 
UNDER TEST 



TEST 

POINT 

O 



c, 



"WHST 



^WW) 120mA 



R, = 2.1 K 

CR, - CR^ IN914 OR EQUIVALENT 



CR, 



CR, 



CR, 




TIMING DIAGRAMS 
Figure 20 

Timing measurements are made at the following voltages, unless otherwise specified: 
READ CYCLE 




CERD 



D«-D, 



< T^, 




^SAR ~ Address Setup Time for a Read Cycle 

^DRD ~ ^^^^ Output Delay from CERD 

^DDZ ~ ^''"® *** TrI-State Following a Read Cycle 

^HAR ~ f^equired Address Hold Time Following a Read Cycle 



OUTPUT 


2.0 V 


0.8 V 


INPUT 


2.0 V 


0.8 V 


FLOAT 


AV = 


0.5 V 





./■ 
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WRITE CYCLE 
Figure 21 




= CEWR High Time Between Writes 

f = Address Setup Time for a Write Cycle 

^ = Data Setup Time Prior to the End of a Write Cycle 

^ = Required Data Hold Time Following a Write Cycle 

/ - Regjui red Address Hold Time Following a Write Cycle 

= CEWR pulse width low 



INTERRUPT ACKNOWLEDGE CYCLE 
Figure 22 



M1 



lORQ 




= lORQ Pulse Width Low 



- Ml Setup Time prior to lORQ For an Acknowledge cycle 
^DDi ~ Access Time for Vector 
^DDZ ~ ^''^® *° Tri-State Followin g a Vector 
^DHvz ~ ^^^ '^^'^ ^'"^^ following M1 lORQ during interrupt acknowledge cycle 
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TIMER A.C. CHARACTERISTICS 

Definitions: 

Error = Indicated Time Value - Actual Time Value 

tpsc = tcLK X Prescale Value 

Internal Timer Mode 

Single Interval Error (free running) (Note 2) ± 1 00 ns 

Cumulative Internal Error 

Error Between Two Timer Reads ± (tpsc + 4 tQL|^) 

Start Timer to Stop Timer Error 2 t^LK + 1 00 ns to -{tjpsc + Bt^LK + 100 ns) 

Start Timer to Read Timer Error to -(tpsc + 6 t^LK "^ 400 ns) 

Start Timer to Interrupt Request Error (Note 3) -2 t^LK to -(4tcLK '^^^ "s) 

Pulse Width Measurement Mode 

Measurement Accuracy (Note 1 ) 2 t^LK to -(tpsc + A-Xqi^^) 

Minimum Pulse Width ^t^LK 

Event Counter Mode 

Minimum Active Time of I3, I4 ^t^Li^ 

Minimum Inactive Time of I3, I4 ^t^L^ 

NOTES: 

1 . Error may be cumulative if repetitively performed. 

2. Error with respect to Tqut O'' "^^ '^ "o*© 3 'S true. 

3. Assuming it is possible for the timer to make an interrupt request 
immediately. 




ORDERING INFORMATION 



PART NO. 


DESIGNATOR 


PACKAGE TYPE 


MAX CLOCK 
FREQUENCY 


TEMPERATURE 
RANGE 


MK3801N-0 


Z80-STI 


Plastic 


2.5 MHz 


0to70°C 


MK3801N-4 


Z80-STI 


Plastic 


4.0 MHz 


to 70°C 


MK3801N-6 


Z80-STI 


Plastic 


6.0 MHz 


Oto70X 
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1.0 INTRODUCTION 

The Micro Data Link (MDL) Family of Serial Peripherals employs a simple serial protocol to allow easy 
interface to single chip microcomputers or other devices without consuming many package pins. This 
reduces the pin count of the MDL devices, thus allowing smaller packages or more control functions than 
could be obtained had a parallel data interface been employed. 

While the individual MDL peripherals perform various functions, the interface to the host system (typically, 
a single chip microcomputer) is common across the family. The details of that interface are discussed 
herein. The individual data sheets should be consulted for the exact timing specifications of each device. 
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2.0 MDL SERIAL INTERFACE SIGNALS 

The following signals are common to all Mostek MDL devices: 

SCLK - Shift Clock (Input) 

SIO^ Serial Data In/Out (Bidirectional) 

CE, C E - Chip Enable (Input) 

DOF - Data Out Flag (Output) 

2.1 SCLK 

SCLK provides the timing for the bit by bit data transfers to or from the MDL peripheral. Transmitted 
data changes states on the falling edge of SCLK. Received data is sampled on the rising edge of 
SCLK. 

2.2 SIC 

Data is transmitted to and from MDL peripherals over the SIO line. All data transfers are LSB (Least 
Significant Bit) first. 

2.3 CHIP ENABLE 

All MDL devices have at least one chip enable input. Chip enable inputs may be either active high 
(CE) or active low (CE). When the chip enable inputs is in the inactive state, the serial data transfer 
logic is forced into a reset state. On devices with more than one chip enable, all chip enable inputs 
must be active concurrently to allow a data transfer. If any one chip enable is in an inactive state, the 
serial transfer logic will be placed in the reset (disabled) state. All further references to chip enable 
inputs will be to CE, the active true type chip enable. To use an active low chip enable (CE) properly, 
all waveforms shown for CE need simply be inverted. 




2.4 DOF 



The output for the Data Out Flag (active low) is not essential to the MDL Serial Da ta Lin k. It is 
provided on many MDL devices and is useful when buffering of the SIO line is required. DOF will go 
low when the MDL peripheral is transmitting data; otherwise, it will be at a high level. 
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3.0 MDL PROTOCOL 

The Micro Data Link protocol is a simple synchronous serial protocol. While the serial interface makes it 
more practical to locate peripherals some distance away from the CPU than one might if a parallel interface 
were used, the objective in going to a serial interface was simply to reduce pin count. Thus, the MDL 
protocol does not employ error detection as is common in serial protocols used for remote data acquisition. 
It is intentionally designed to be very simple, thus allowing easy communication with a CPU wherein the 
serial interface is handled by bit manipulation rather than in complex hardware. 

3.1 GENERAL FORM 

All MDL data transfers are comprised of two 8-bit words. The first word is a command word (CW) 
which is always transmitted by the CPU. The second word is a data word (DW) which is transmitted 
by the CPU when writing data to the peripheral or transmitting by the peripheral when the CPU is 
reading data from the peripheral. The CW and DWare always adjacent (no SCLK cycles between the 
end of the CW and the start of the DW); thus all transfers take place in 16 SCLK cycles. This is 
illustrated in Figure 3.1.1 



MDL FORMAT 
Figure 3. 1.1. 



^^^^ "njirLfumjirjiniiiinnrLT 



SIO 



_r-LrL 



ru 




3.2 COMMAND WORD 

There are two possible commands, read and write. T he first bit of the CW (LSB) is a start bit and must 
always be a "0". The second bit is the Write/ Read control bit which must be a "1 " for a write (data 
written to the peripheral from the CPU) or a "0" for a read. The remaining 6 bits of the CW are the 
address to which data is written or from which data is read. The CW is illustrated in Figure 3.2.1 . 



COMMAND WORD 
Figure 3.2.1 



LSB 














MSB 


START 


WRITE 


Ao 


Ai 


Aj 


A3 


A4 


A5 


READ 



3.3 DATA WORD 

The DW is simply 8 bits of data written to or read from the peripheral. Figure 3.3. 1 and Figure 3.3.2 
illustrate the transmission of the DW. The Serial In/Out line (SIO) is separated into a Serial In and a 
Serial Out for purposes of this illustration. Thus, when Serial In (SI) is active, the CPU is driving SIO. 
When SI is in the "float" condition (high impedance), the CPU is not driving SIO. Similarly, the 
peripheral is driving Serial Out when it is shown to be active and not driving SO when SO is shown 
in the "float" condition. SIO is, of course, the combination of SI and SO. 
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WRITE OPERATION 
Figure 3.3.1 
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Shown is a Write to Address 02 IHex of Data A9 Hex. 



READ OPERATION 
Figure 3.3.2 
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Shown is a Read from Address 21 Hex of Data A6 Hex. 
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4.0 SELECTION GATING METHODS 
4.1 CHIP ENABLE GATING 



As previously described, chip enable will hold the serial interface logic of the peripheral in an 
inactive state as long as CE is inactive. In this state, the peripheral cannot drive SIO, nor does it 
monitor SIO as an input. Thus, any action occurring on SCLK or SIO is ignored. CE can be used to 
deactivate a peripheral during the interval between data transfers and SCLK and SIO may continue 
to be active. CE must go active during data transfers to the peripheral in time for the peripheral to 
recognize the start bit of the CW. This is illustrated in Figure 4.1 .1 . 



CHIP ENABLE GATING 
Figure 4.1 .1 



. COMMAND WORD - 



START 



SCLK 



SIO 



CE 





Region in which CE 
must be activated 
to recognize start bit 



As shown in Figure 4.1 .1 , CE must not be activated before the previous rising edge of SCLK or else 
the peripheral could recognize a start bit one cycle too early. If SIO was low during that cycle, CE 
must be activated before the rising edge of SCLK during the cycle in which the start bit is issued by 
the CPU. 

4.2 START BIT DETECTION 

After any data transfer is completed, the peripheral will immediately begin to look for a new start bit 
if its CE is active. Thus, transfers can occur back to back without any SCLK cycles separating the Dy 
bit of the DW and the start bit of the next CW. However, until a start bit is seen by the peripheral, it 
will take no action. Any dead time between transfers can occur without a problem if the CPU holds 
SIO high. In this event, CE need not be deactivated nor SCLK stopped. 

START BIT DETECTION 
Figure 4.2.1 
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JWRITEI 
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Manipulation of CE is 
not required. 
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4.3 SCLK MANIPULATION 

Dead time between transfers can also be filled by stopping SCLK. This essentially places all transfers 
back to back. After the rising edge of SCLK in the last bit of the DW, the data will be latched into the 
peripheral and SIO can then change without altering D7 (Write Operation). Similarly for Reads, the 
CPU should have latched in D7 on the rising edge of SCLK and SCLK could then stop. However, the 
peripheral will continue to drive SIO until the falling edge of SCLK unless CE is deactivated. While all 
MDL peripherals sample incoming data on the rising edge of SCLK, they might not actually write the 
assembled word into the appropriate register until the falling edge of SCLK at the end of the DW 
(unless CE is deactivated at which time it would complete the Write immediately upon deactivation 
ofCE). 

SCLK can also be stopped after the falling edge at the end of the DW. If CE remains active, the 
peripheral is now looking for a start bit but SIO may make any transitions as long as it is stable at the 
desired "1 " or "0" state ("0" for a start bit) sufficiently before the rising edge of SCLK that will occur 
once SCLK cycles resume. 

4.4 SUMMARY OF SELECTION METHODS 

As can be seen from the above discussion, any of three alternatives may be used to prevent false 
reads or writes between transfers. 1 ) CE can be deactivated, 2) SIO may be held high, or 3) SCLK may 
be stopped. Of these methods, perhaps the simplest for CPUs with a hardware serial port (like the 
MK3873) is to transmit a continual high output between data transfers. However, if the serial port is 
to be multiplexed between an MDL peripheral (or peripherals) and another device such as an ASCII 
terminal, deactivating CE when not accessing the MDL device may be more appropriate. (See "CE 
Timing Considerations.") If the serial interface to the MDL device is performed in software through 
bit manipulation, stopping the generation of SCLK is perhaps the easiest. 
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5.0 ADDRESSING 

There are six address bits in each CW. These bits define which of 64 possible registers is to be addressed. 
Many, if not most, MDL peripherals employ less than 64 registers. The MK3821 Serial A/D converter, for 
example, uses only four registers. For devices with less than 64 registers, the upper address bits are 
compared to a pre-defined code. If they match this code (called the unit address) then the device will 
perform the read or write operation. If the unit address of the peripheral is not matched, the peripheral will 
take no action other than to continue to monitor SCLK cycles to determine when the transfer currently in 
progress is completed. Upon completion, it will resume looking for a start bit. In the example of the MK3821 , 
Aq and A^ are used to determine which of four registers are to be accessed but only if A2 through A5 match 
its unit address. In some MDL devices, the selection of its unit address is "hard-wired" into the device. On 
other devices like the MK3821 , the unit address is user selectable via external strapping options. Thus, 1 6 
MK3821 devices can share the same SCLK, SIO, and CE lines, each being strapped to a unique unit 
address. 

5.1 ADDRESS MAPPING 

With devices which allow full unit address selection, the full 64 register map can always be utilized. 
This is easily accomplished by mapping those devices with the most registers at the lower order 
addresses. Of course, depending upon the mixof devices, other mappings may also work. Consider 
two devices. Device A has four internal registers; thus A2 - Ag are compared to its unit address. 
Device B has sixteen internal registers; thus Aq - A3 are used to select one of the 1 6 registers and A4 
and A5 are compared to Its unit address. 

If Device A is mapped at unit address 0000 (Ag - A2), Device B must be mapped at unit address (UA) 
01 (Ag, A4) or higher. However addresses 04 through OF hex are an unused hole in the map. 




ADDRESS MAPPING 
Figure 5.1.1 



ADDRESS 
(HEX) : 


k J 


^ 


17 


DEVICE B REG 7 


\ 


16 


DEVICE B REG 6 




15 


DEVICE B REG 5 




14 


DEVICE B REG 4 


DEVICE B 
REGION 


13 


DEVICE B REG 3 


12 


DEVICE B REG 2 




11 


DEVICE B REG 1 




10 


DEVICE B REG 


/ 


OF 






OE 






CD 






OC 






OB 






DA 






09 






08 






07 






06 






05 






04 






03 


DEVICE A REG 3 




02 


DEVICE A REG 2 


DEVICE A 


01 


DEVICE A REG 1 


REGION 


00 


DEVICE A REG 





With Device A starting at address 00 hex. Device B cannot occupy address 04, 05, 06, and so on, 
because It only has the upper two address bits available for address selection. Thus, its internal 
register can be mapped to be addressed only at addresses 00, 1 0, 20, or 30 hex; but address 00 is 
unavailable because it Is occupied by Device A. However, as previously stated, there is always a way 
to map multiple MDL devices contiguously Into the address map. 

Note that when uniquely mapped, MDL devices can share the same CE because even when 
enabled, they will respond only when the address is within their region of the map. 



IV-11 



5.2 MULTIPLE REGISTER MAPS 

When one desires to access more than the 64 available addresses, this is easily done through CE 
selection. Multiple devices with up to 64 total internal registers can share the same SCLK, SIO, and 
CE signals. A second set of devices can share the same SCLK and SIO as the first set but must have a 
separate CE. 
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6.0 CHIP ENABLE TIMING CONSIDERATIONS 

The details of the CE function require some additional discussion. CE basically performs a reset of the serial 
interface logic. In most cases, this reset occurs immediately after CE is deactivated and will hold the serial 
interface in this reset state until CE is activated. Upon activating CE, the device will begin to look for a start 
bit on the next rising SCLK. However, CE must be activated a sufficient time prior to the rising SCLKsothat 
this change in the state of CE has had time to ripple through the internal logic before SCLK rises. If CE is 
activated while SCLK is already high, the peripheral will not begin to look for a start bit until SCLK first goes 
low, then returns high. If CE is activated concurrently with a rising SCLK, the resultant action is 
indeterminate. When using bit manipulation to generate SCLK, SIC, and CE, CE should change states at 
the same time that SCLK is caused to go low. 

6.1 CE DEACTIVATION DURING A TRANSFER 



Normally, CE will not be altered during a transfer. If it is deactivated during a transfer, it will abort the 
transfer. There is potentially one time during a transfer wherein problems might occur. This time is 
prior to just after the rising edge of SCLK in the last bit (D7) of the transfer. Primarily, the problem is 
with write operations. The serial input shift register has been shifting in a data bit on each of the 7 
previous rising edges of SCLK. Upon the rising edge of SCLK during the D7 bit, the last bit is shifted in 
and the assembled word is loaded into the addressed register in parallel. The timing of the internally 
generated load register signal is illustrated in Figure 6.1.1. 



INTERNALLY GENERATED LOAD 
REGISTER SIGNAL 
Figure 6.1.1 




SCLK 



LOAD REG. 



The internal load register signal must be of a sufficient duration. If it is too short, some of the bits of 
the register may get the new data latched into them but other bits might not. This would depend 
upon the propagation delay characteristics of the various bits and upon the old and new data. For 
example, it may be easier to pass a "1 " into a given bit which previously contained a "0" than to write 
a "0" into a bit which was previously a "1". A shortened load register pulse could result in an 
indeterminate state of the contents of the register. 

If CE is deactivated sufficiently prior to the critical rising edge of SCLK, the load register signal will not 
occur. If CE is deactivated sufficiently after the rising edge of SCLK, the load register signal will be 
deactivated but would have been active long enough to allow a good load. See Figure 6.1 .2. 
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CE DEACTIVATION DURING A WRITE 
Figure 6.1 .2 
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SCLK 



CE 



C. Load Reg. does 
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terminated 
too early. This 
is the problem 
case. 



LOAD REG. 
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Similar to the write operation, some problems can occur If CE is deactivated during this critical 
window in Dy on a read operation. It is not uncommon that status bits, handshake strobes, FIFO 
address pointers, and so on, are affected when a read occurs. A read complete signal similar in 
timing to the load register signal would be used to generate the required response to the read. Again, 
this signal must not be allowed to occur at all or must be allowed to last a sufficient time or a problem 
could result. 

Depending upon the exact nature of the peripheral, the critical window(s) during which CE de- 
activation maycause a problem may be different than those shown above. Also, depending upon the 
nature of the peripheral and the system function that it performs, this may not be a significant 
problem at all. In normal operation, CE would remain active and allow a complete transfer. Only 
during some extraordinary case such as a power interruption might CE deactivate during a transfer. 
However, the MK3824 RAM is used specifically to retain key data during CPU power loss in many 
applications. Thus, it uses some techniques internally to help avoid the truncated load problem. In 
short, one should be aware of this type of problem and should consult the individual peripheral data 
sheets for specifics. 

6.2 NORMAL CE MANIPULATION 

When using a CPU with a high speed serial port, switching CE at the desired time might be difficult. 
That is, upon being interrupted or having polled status and recognizing that a transfer is complete, 
one might need to switch one CE to its inactive state and another to Its active state before the start of 
the next transfer. If transfers are to occur back to back, there is less than one bit time to switch CE. An 
alternative is to transmit a dummy FF hex until the CE switching is accomplished. Anytime that SIO 
is maintained at a "1 " between transfers, CE signals may change without regard to SCLK with no 
problem. This is illustrated in Figure 6.2.1 . 

CE MANIPULATION 
Figure 6.2.1 
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A. Unit on CE^ completes data transfer; unit or units on CEj are 
deactivated. 

B. Unit or units on CE^ look for Start Bit; unit or units on CEj are 
deactivated. 

0. Unit or units on CE^ are deactivated; unit or units on CE2 are 
activated and look for Start Bit which is found at D. 
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7.0 POWER-ON AND RESET 

Most peripherals have on-chip power-on -clear circuitry which resets the serial interface logic in a fashion 
similar to deactivating CE, then activating it. However, this power-on-clear should not be relied upon 
heavily as it may reset and release the serial interface logic before whatever power-on-clear logic used with 
the CPU has placed the CPU in a reset state. The peripheral or peripherals may begin to monitor SCLK and 
SIC to look for a start bit if CE is active before the CPU is capable of correctly supplying them, and bogus 
transfers may take place or be initiated. 

Typically, any complete or partial bogus data transfer will not cause any real problem, but may result in the 
peripheral being "out of sync" with the CPU. Thus, the CPU might initiate its first transfer but the peripheral 
might have recognized some power up transients on SCLK and SIC as a start bit and would not correctly 
Interpret the CW. If no bogus transfers can be tolerated and seem to be a possibility, then CE must be held in 
its Inactive state by external logic until the CPU is capable of supplying SCLK, SIC, and perhaps CE properly. 
Recall that it takes at least 1 6 cycles of SCLK to complete a transfer, and unless SCLK is being generated by 
a free-running clock source, it may be highly unlikely that this alone might occur when the CPU is powered 
up. In general, all that is required is that all peripheral CE lines be deactivated then reactivated prior to the 
start bit of the first transfer. 

7.1 RESET 

The MDL system maybe reset by deactivating each unit's CE input. For systems with only one MDL 
device or with separate SI and SO lines (see "Hardware Interface"), the link can also be re- 
synchronized by transmitting 1 6 bits of "1 " by the CPU. Any transfer in progress must conclude 
within 1 6 bit times and the peripheral is guaranteed to be looking for a start bit. However, when two 
or more units share a common SIO line, if synchronization is lost, one unit can potentially recognize 
another unit's DW as a CW and in turn its DW (if it interpreted the command as a read it would drive 
SIO during the DW) could be seen as a new CW by another unit. 

7.2 SYSTEM ERROR DETECTION 

An error should not occur in normal operation. However, power line transients could potentially 
upset a peripheral or the CPU. Also, a component or connection failure could occur and many 
systems employ various self tests to monitor their operation. Several alternatives are available for 
MDL Interfaces. In many cases, registers on the peripherals can be read after being written to 
determine whether the data received back matches that written out. Additionally, the CPU can read 
the CW while it is being transmitted. Depending upon the hardware used, if one of the peripherals is 
driving SIO whil e the CPU is also driving SIO, this can be detected by reading the CW as it is being 
transmitted. The DOF output of a peripheral will go low when a perip heral is driving data out onSIO. 
This should occur only during the DW in a read operation. Thus, DOF of the peripheral or peripherals 
can be monitored to ensure that it is low only at the proper time. 
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8.0 HARDWARE INTERFACE 
8.1 SIMPLE SYSTEM 

Typical interfaces for simple systems are shown in Figure 8.1 .1 . 



SIMPLE SYSTEM INTERFACES 
Figure 8.1.1 
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^Optional 1 0OH resistors may be inserted where shown to limit current 
in the event that two or more devices attempt to drive SIO at the same 
time. 
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The bulkof MDL applications probably fall into this simple system range. The CE signal shown could 
just as simply be CE. If more register addresses are required, multiple port bits can be used for 
multiple CE signals. In thecase where two sets of devices are required, a single enable signalcan go 
to one set and its complement (generated by an inverter) can go to the other set. Some MDL devices 
have CE inputs and some have both CE and CE inputs. If mapping permits, those devices with a CE 
input can be placed in one map and devices with CE in another and a single enable signal from the 
CPU could select one set or the other. 

8.2 BUFFERED SIO 

Buffering SIO with the MK3873 Microcomputer requires the generation of a Data Out Flag via a 
parallel I/O port pin. However, delays of several microseconds would be required in switching this 
flag and buffer conflicts would occur during that delay. To avoid this, one could use open collector 
buffering with a passive pull-up on SIO as shown in Figure 8.2.1 . 

BUFFERED SIO WITH OPEN COLLECTOR BUFFERING 
Figure 8.2.1 




The MK3870 Microcomputer can easily generate a Data Out Flag in software via bit manipulation 
along yvlth its generiation of SIO and CE. This interface is shown In Figure 8.2.2. 



BUFFERED SIO WITH THREE STATE BUFFERING 
Figure 8.2.2 
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8.3 SEPARATE SI AND SO 

810 can be easily separated into an SI and SO line using a bus transceiver controlled by DOF. The 
MK3873 Microconnputer provides separate SI and SO so the connection is simple at the CPU end. 
Note that the peripheral's SI connects to SO of the CPU, and so on. If parallel I/O is used to generate 
the interface (as with an MK3870), one port pin can be used for SI and another for SO; or a single 
port pin can be used for SIO and another port pin used to generate a direction control signal, and 
separate SI and SO created using a bus transceiver. 



SEPARATING SIO INTO SI AND SO LINES 
Figure 8.3.1 
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9.0 SOFTWARE 

This section is a discussion of various software aspects of handling MDL devices with the MK3873 and 
MK3870 Microcomputers. 

9.1 MK3870 SOFTWARE 

(Interface handled via bit manipulation through parallel I/O pins.) 



9.1.1 STROBE 



The STROBE signal associated with I/O Port 4 on 3870 Family devices can be well used in 
the MDL interface. This signal provides a single low going pulse after each output to Port 4. 
Thus, it can serve as SCLK for the MDL interface. For a detailed discussion of the 3870 
STROBE and the 3870 instruction set, see the 3870 Family Technical Manual. 

9.1 .2 CONSIDERATION FOR OTHER PORT 4 BITS 



Because STROBE pulses after each output to Port 4, it is a good idea to use those pins of 
Port 4 which are not used i n the MD L interface as inputs. As such, they can be read at any 
time without causing stray STROBE (thus SCLK) transitions. If any of the extra Port 4 pins 
are to be used as outputs, one should employ an MDL interface which provides a separate 
CE line for each MDL map whereby all MDL devices may be disabled between data 
transfers, or one should ensure that SIO remains high between transfers. This will allow 
outputs to Port 4 to occur between transfers (thus causing an SCLK) without problems. 
Also, no outputs to Port 4 other than those required for the MDL handling should be made 
during a transfer. If the extra Port 4 pins are used as inputs, one is free to interrupt a transfer 
and read the extra Port 4 pins without a problem. 

A second problem arises when using the extra Port 4 pins as outputs. During an MDL 
transfer, many outputs to Port 4 will be performed. It is necessary that those bits of Port 4 
not used in the MDL interface but used instead as other output signals be concatenated 
with the data to be written to Port 4 so that they maintain their desired state. This adds 
instructions to the MDL interface code. Another point to be considered is that when read, it 
is the level on the device pin that is fed back into the accumulator, not the state of the output 
latch. Thus, if any of the extra Port4 pins are used as outputs in such a way that their output 
voltage does not reflect their true state, one cannot simply read them back in order to 
concatenate them with the data to be written to Port 4 during the MDL transfer. This 
condition occurs most frequently when an output is directly driving the base of an NPN 
transistor. When a "0" is written to that bit, the device pin will attempt to go high (Port 4 pins 
being inverted outputs). However, the output voltage will be clamped to about .7 V by the 
transistor. Had the transistor not been there, the output would have risen to near Vqq. If an 
input of Port 4 is now performed, that bit whose output high level was clamped low by the 
transistor will be read back as a "1 " (again due to the fact that Port 4 pins are inverted 
signals). Thus a "0" written to that bit would read back as a "1 ". If that is concatenated with 
data to be written back out to Port 4, a "1 " would be written to that bit causing the pin to go 
to ground and turning off the transistor when it should have remained on. If this is a 
possibility, one should keep a copy of all data written to Port 4 in a scratchpad RAM register. 
When it is necessary to concatenate the extra bits of Port 4 with the data to be written to the 
MDL interface bits, one could read this scratchpad register instead of the actual Port 4 pins 
to determine what data to write back to the non-MDL bits of Port 4. 

9.1.3 SAMPLE PROGRAM 

The following program illustrates how to perform an MDL transfer in software. This 
example was written to han dle a system with two maps of MDL devices. Thus, two CE 
signalsaregenerated. Also, a DOF signal is generated. This signal is normally low and goes 
high only when the MK3870 is receiving data (during the DW of a read operation). It 
employs a copy of Port 4 data inadirectlyaccessible scratchpad register. In this example. It 
is register 3. Four other scratchpad registers are also used. These registers are assumed to 
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be in the upper portion of the scratchpad wherein they must be accessed via IS, the indirect 
scratchpad address register. It is assumed that these four registers lie within a single 8 
register segment so that testing for IS roll over and modification of upper IS bits are not 
required. Seethe MK3870 Family Technical Manual for more information on the operation 
of IS. 

For the p urposes of this example, SIO is generated on Port 4 Bit 0, SCLK is produced by 
STROBE, one CE is produced on Port 4 Bit 1 and the other CE on Port 4 Bit 2, and DOFis 
produced on Port 4 Bit 3. 

The address of the MDL system register to be accessed is placed in the lower 6 bits of the 
appropriate scratchpad register prior to execution of this code. The seventh bit of that 
register (Bit 6) is set according to which map is to be accessed. Thus, this bit determines 
which CE line will be activated. The MSB of that scratchpad register is made a "1 "if this is to 
be a write operation or a "0" for a read. If it is a write, the data to be written is placed in 
another scratchpad register. The other two scratchpad registers are used for intermediate 
variables and need not be initialized. Prior to starting execution of this prograrn, IS must be 
loaded with the address of the scratchpad register which contains the MDL register 
address. 

RESOURCE ALLOCATION 



P4 - = SIO 
P4-1 =CE1 
P4-2 = CE2 

p4^=ro F 

STROBE = SCLK 

Scratchpad Register 3 = Port 4 data copy (not inverted) 

Scratchpad Register SI = Data 

52 = Intermediate Variable 

53 = MDL Address 

54 = Intermediate Variable 

3 Definition 

Bits 0-5 = MDL Address 
Bit 6 = Map Selection. 

"0" Activates CE1, 

"1 " Activates CE2. 
Bit 7 = Command "1 " causes a write operation, 

"0" causes a read operation. 

PRIOR TO EXECUTION 

SIO = P4-0 = High level on pin (Logic "0" data in port latch) 
CE1 = P4-1 = Low level on pin 
CE2 = P4-2 = Low levelon pin 
DOF= P^= Low level on pin 
SCLK =STROBE = High level on pin 

MSB LSB 

Scratchpad Reg R3 = XXXX1 1 1 

The upper four bits would reflect the data last written out to those bits of Port 4 

Scratchpad Reg SI = XXXXXXXX for a 
read operation or 
data to be written 
for a write operation. 
S2=XXXXXXXX 

S3: 



WRITE 
READ 


MAP 
SELECT 


ADDRESS 



S4 = XXXXXXXX 

IS = Pointing to Reg S3. 
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LOC OBJ. CODE 



F8/3870 MACRO CROSS ASSM. V2. 2 PAGE 1 

STMT-NR SOURCE-STMT PASS2 lOTWO lOTWO lOTWO REL 



MK3870 FAMILY MDL SOFTWARE DRIVER 
USING PARALLEL I/O PORT 4 
AS SCLK 





AND STROBE 


HARDWAR 


E CONFIGURATION: 


PORT 4-0 


SIO 


PORT 4-1 


CE1 


PORT 4-2 


CE2 


PORT 4-3 


DOF 


STROBE 


SCLK 



ENTRY STATUS: 

ISAR MUST BE SET TO POINT TO MDL ADDRESS REGISTER 

DATA REG. MUST CONTAIN DATA TO BE WRITTEN IF WRITE OPERATION 

PT4IMG SHOULD BE = XXXX1 110 

EXIT STATUS: 

PT4IMG = XXXX1110 

DATA = DATA READ FOR READ OPERATION 




SCRATCHPAD DEFINITION: 



=0003 
=0010 
=0011 
=0012 



0000'2080 

0002 FE 

0003 12 

0004 5D 

0005 4C 

0006 CC 
000719 

0008 5C 

0009 72 
000A8102 



000C13 
000D'E3 



=0013 



27 PT4IMG 

28 DATA 

29 VAR1 

30 MDLADR 



EQU 
EQU 
EQU 
EQU 



3 

10H 
11H 
12H 



38VAR2 


EQU 


13H 


40 START 


LI 


BOH 


41 


NS 


D 


42 


SR 


1 


43 


LR 


l,A 


44 


LR 


AS 


45 


AS 


S 


46 


LNK 




47 


LR 


S,A 


48 


LIS 


2 


49 


BP 


SETCE 


TO HERE IF CE2 REQUIRED 


53 


SL 


1 


54 SETCE 


XS 


PT4IM( 



PORT 4 DATA IMAGE (NOT INVERTED) 

WRITE DATA 

INTERMEDIATE VARIABLE 

MDL ADDRESS: 

BITS 0-5=MDL ADDRESS 

BIT 6 =MAP SELECTION 

SELECTS CE1 

1 SELECTS CE2 
BIT7=C0MMAND 

0=READ 
1=WRITE 
;INTERMEDIATE VARIABLE 



MASK OFF WRITE/READ BIT 
OF MDL ADD RESS REG. 
MOVE WRITE/READ BIT TO BIT 6 
STORE IN VAR1 REG. 
GET MDL ADDRESS 
ROTATE MDL ADDRESS LEFT 
MAP SEL=BIT7, WR/RD=BITO 
PUT BACK IN MDL ADDRESS REG. 
GET CHIP ENABLE PATTERN 
SIGN BIT, 0=CE1 1=CE2 



;SHIFT CHIP ENA PAT. FOR CE2 
;TOGGLE CHIP ENA BIT IN PORT IMAGE 
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LOC OBJ. CODE 



F8/3870 MACRO CROSS ASSM. 
STMT-NR SOURCE-STMT PASS2 lOTWO 



V2. 2PAGE 2 
lOTWO lOTWO REL 



000E53 


000F4C 


001013 


0011 18 


001 2 5D 


001378 


001 4 5E 


001571 


001 6 FC 


001 7 E3 


0018 B4 


001 9 4C 


001A12 


001 B5D 


001 C3E 


001 D 94F7 



55 
56 
57 

58 

59 



LR 


PT4IMG,A 


;PUT UPDATED IMAGE IN PT4IMG 


LR 


A,S 


;GETMDL ADDRESS 


SL 


r 


;SHIFT LEFT TO CREATE COMMAND 
WORD 


COM 




;INVERT CMD. WORD SINCE PORT 
INVERTS 


LR 


\A 


;PUT BACK IN MDL ADDR. REG. 



NOW SET UP LOOP TO SEND COMMAND WORD 



63 SEND 


LIS 


8 


64 


LR 


D,A 


65 SENDLP 


LIS 


1 


66 


NS 


S 


67 


XS 


PT4IMG 


68 


OUTS 


4 


70 


LR 


A,S 


71 


SR 


1 


72 


LR 


l,A 


73 


DS 


D 



74 



BIMZ SENDLP 



SET LOOP COUNT = 8 BITS 
PUT LOOP COUNT IN VAR2 REG. 
MASK OFF LSB OF 

WORD TO BE SENT 
MERGE IT WITH PORT 4 IMAGE 
;WRITETO P0RT4, STROBE IS GENERATED 

FOR SCLK 

GET WORD TO BE SENT 
MOVE NEXT BIT TO BE SENT INTO LSB 
PUT BACK INTO REG. 
DECREMENT VAR2 REG. = BITS TO BE 

SENT 
;IF MORE BITS TO SEND LOOP AGAIN 



CHECK IF READ OR WRITE OPERATION 

VAR1 REG. IS FOR A READ AND 40H FOR A WRITE 



001 F4E 

0020 CC 

0021 840B 
0023 13 



79 


LR 


A,D 


81 


AS 


S 


82 


BZ 


RECEIV 


84 


SL 


1 



DUMMY LOAD TO MOVE ISAR TO VAR1 
LOADED ZERO INTO ACCUM. 
THIS SETS ACCUM=VAR1, AND SETS 

STATUS 
IF ZERO, READ 8 BITS 
ELSE, WRITE 8 BITS OF DATA 
SHIFT VAR1 VALUE LEFT 



NOTE PRESENT VALUE OF ACCUMULATOR: 
10000000 IF COMMAND WORD JUST SENT 
00000000 IF DATA WORD JUST SENT 



0024 841 F 

0026 5E 

0027 4C 

0028 6A 

0029 18 
002A5D 
002B 90E7 



90 



BZ 



ENDXFR 



92 


LR 


D,A 


93 


LR 


A,S 


94 


LISL 


MDLADR.AND.7 


95 


COM 




96 


LR 


lA 


97 


BR 


SEND 



IF CMD AND DATA SENT, END XFER 

ELSE, SEND DATA WORD 

PUT VALUE OF ACCUM. IN VAR1 

GET DATA TO BE SENT 

POINTTOMDLADRREG. 

INVERT DATA FOR PORT INVERSION 

PUT DATA INTO MDLADR REG. 

SEND THE DATA 



TO HERE FOR READ DATA TRANSFER, SET UP TO RECEIVE DATA 
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LOC OBJ. CODE 

002D'6B 
002E78 
002F5E 

0030 E3 

0031 53 



0032'43 

0033 B4 

0034 4C 

0035 12 

0036 5C 

0037 A4 
003815 
0039 13 
003A13 
003B13 
003CEC 
003D5D 
003E 3E 
003F 94F2 

0041 4C 

0042 18 

0043 5C 
0044'43 
0045 220E 

0047 B4 

0048 53 

0049 1C 



F8/3870 MACRO CROSS ASSM. V2. 2 PAGE 3 
STMT-NR SOURCE-STMT PASS2 lOTWO lOTWO lOTWO 



REL 



101 RECEIV 


LISL 


VAR2. AND. 7 


;P0INTT0VAR2 


102 


LIS 


8 


;MASK FOR DOF, ALSO BIT COUNT 


103 


LR 


D,A 


;LOAD BIT COUNT INTO VAR2 


104 


XS 


PT4IMG 


TOGGLE DOF OF PORT 4 IMAGE 


105 


LR 


PT4IMG,A 


;PUT BACK IN PORT 4 IMAGE 


NOW READ DATA FROM PORT 4 BIT C 


I 


109 RECVLP 


LR 


A,PT4IMG 


;GET PORT 4 IMAGE 


110 


OUTS 


4 


;SENDITT0P0RT4 

;T0 SET DOF LOW AND SEND SCLK 


112 


LR 


A,S 


;GET DATA BEING ASSEMBLED 


113 


SR 


1 


;SHIFT RIGHT TO EMPTY MSB 


114 


LR 


S,A 


;PUT DATA BACK 


115 


INS 


4 


;READP0RT4 


116 


SL 


4 


;MOVEBIT0 


117 


SL 


1 


; TO 


118 


SL 


1 


; BIT 


119 


SL 


1 


; 7 


120 


XS 


S 


MERGE BIT RECEIVED WITH DATA 


121 


LR 


l,A 


STORE ASSEMBLED DATA 


122 


DS 


D 


DECREMENT BIT COUNT 


123 


BNZ 


RECVLP 


IF NOT LAST BIT, LOOP AGAIN 


124 


LR 


A,S 


GET ASSEMBLED DATA 


125 


COM 




INVERT RECEIVED DATA 
SINCE PORT INVERTED DATA 


127 


LR 


S,A ', 


PUT CORRECTED DATA BACK IN REG 


128ENDXFR 


LR 


A,PT4IMG ; 


GET PORT IMAGE 


129 


01 


OEH ; 


SET BITS 1, 2, 3 HIGH TO DISABLE 
CHIP ENABLE AND DOF 


131 


OUTS 


4 ; 


SEND TO PORT 


132 


LR 


PT4IMG,A ; 


AND UPDATE PORT IMAGE 


133 


POP 




RETURN 
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AFTER EXECUTION 

SIO= P^= High 
CE1 = IP4M = Low 
CE2 = P4-2 = Low 
DOF = P4^= Low 

SCLK = STROBE = High (one extra SCLK cycle having occurred due to 
restoring CE and DOF) 

Reg 3 (Port 4 copy) = XXXX1 110 , 

Reg S1 = Data just sent if this was a write operation or the same as when execution began if this was a read 

operation 
Reg 82 = 000 00 000 

Reg S3 = Data just read if this was a read operation or all zeros if this was a write operation 
Reg S4 = All zero 

IS = Pointing to S2 if this was a write operation or pointing to S3 (where the data is) if this was a read. 

PROGRAM TIMING 

Timings listed are for a 3870 with a 4 MHz time base (4 MHz crystal) unless otherwise 
shown. One can easily scale this to obtain timings at other frequencies. 

The execution time for a write operation is 589 jus if CE1 is activated and 591 /xs if CE2 is 
activated. For a read operation it is 692 jus or 693 fis depending upon whether CE1 or CE2 
was activated. To execute repeatedly, Read or Write would add approximately 58 jjls to 
handle the data for each operation and approximately 1 jus to initialize pointers prior to 
starting. Thus, to write 1 6 consecutive MDL addresses would take 1 jus plus 1 6 times of 
647 JUS. This is a total of 1 0.362 ms. The effective SCLK rate would then be approximately 
24.7 kHz. The data rate would be 1 6-8 bit words moved in 1 0.362 ms or approximately 
1 544 words per second. For 1 6 consecutive read operations, it would take approximately 
11 .53 ms or approximately 1387 words per second. The above word rates include the 
overhead of sending the command word. 

With regard to the MDL peripherals, the following timings apply for write operations. 
Minimum SCLK High Time = approximately 26 jus 
Minimum SCLK Low Time = approximately 4 /xs 
SIO and CE stable prior to rising edge of SCLK = approximately 5.5/iS 
SIO held past rising SCLK = approximately 24.5 /us 

For read operations, the above timings apply when the 3870 is sending the command word. 
Additionally, the following requirements occur during the reading of the data word. 

SIO stable from falling edge of SCLK = approximately 1 1 .5 /xs 

SIO hold after rising edge of SCLK = approximately 8.5 juS 

The timings are listed as "approximately" because propagation delays were not calculated. 
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WAVEFORMS PRODUCED FOR A READ OPERATION 
Figure 9.1 .3.1 
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Figure 9.1 .3.1 is a n exam ple of waveforms produced for a Read operation. All outputs from 
3870 (CE1 or CE2, DOF, and SIO during CW and during DW or Write Operations) actually 
change shortly before the falling edge of SCLK with this program. The dotted portion of SIO 
shows when the MDL peripheral Is driving it. Peripherals change SIO just after falling 
SCLK. Arrows show the approximate point when 3870 reads SIO pin. Peripherals sample 
SIO pin on rising SCLK with some required set up time prior to rising SCLK and some 
required hold time after rising SCLK. 

9.1.4 CE SOFTWARE 

If it is desired to generate CE signals instead of CE signals as shown in the sample program, 
only minor modification is required. In this case, the state of Bits 1 and 2 in both the Port 4 
copy in register 3 and on the port itself would be inverted upon entering the program. The 
code that activates the desired CE signal would not change as it simply causes CE or CE to 
toggle. Thus, whether the signal Is normally a 1 or a would not matter. However, to 
deactivate a CE, one would have to modify the code from that previously shown. Starting at 
END, the following code would be used. 




END LR A, PT4IMG 
01 '08' 
Nl 'F8' 
OUTS 4 
LR PT4IMG, A 



END LR A, PT4IMG 
01 'OC 
Nl 'FC 
OUTS 4 
LR PT4IMG, A 



Get copy of Port 4 

Set Bit 3 to return DOF low in case this was a Read. 

Clear Bits 0-2 to restore which ever CE that was activated to a "0". 

Update Port 4. 

Update Port 4 copy. 

If, for example, CET was to be a CE and CE2 was non-inverted, the code would be as follows. 

Get copy of Port 4 

Set Bit 3 and Bit 2 to return DOF and CE2 low had they previously been high. 
Clears Bits and 1 to restore CE1 high had it previously been low. 
Update Port 4. 
Update Port 4 copy. 



9.1 .5 3870 MDL SAMPLE PROGRAM THAT DOES NOT USE STROBE 



While STROBE serves well as SCLK of the MDL interface, it also serves well in a variety of 
other uses. Thus, one might want to use It for another function, requiring SCLK to be 
generated in software. The following program is identical In assumptions to the one In 
section 9. 1 .3 except that Port is used instead of Port 4 and SCLK is generated on Port Bit 
4. Also, SCLK now stays low between transfers instead of high so the state of Reg 3 upon 
entering the program is XXX1 1110. 
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LOC OBJ. CODE 



F8/3870 MACRO CROSS ASSM. V2. 2 PAGE 1 

STMT-NR SOURCE-STMT PASS2 lOONE lOONE lOONE REL 



MK3870 FAMILY MDL SOFTWARE DRIVER 
USING PARALLEL I/O PORTS 



HARDWARE CONFIGURATION: 



PORTO-0 


SIO 


PORTO-1 


CE1 


PORTO-2 


CE2 


PORTO-3 


DOF 


PORTO-4 


SCLK 



ENTRY STATUS: 

ISAR MUST BE SET TO POINT TO MDL ADDRESS REGISTER 

DATA REG. MUST CONTAIN DATA TO BE WRITTEN IF WRITE OPERATION 

PTOIMG SHOULD BE = XXX1 1110 

EXIT STATUS: 

PTOIMG = XXX1 11 10 

DATA = DATA READ FOR READ OPERATION 

SCRATCHPAD DEFINITION: 



= 0003 
0010 
0011 
0012 



0013 



0000'2080 
0002 FE 
000312 

0004 5D 

0005 4C 

0006 CC 
000719 

0008 5C 

0009 72 
000A8102 



26 PTOIMG 

27 DATA 

28 VAR1 

29 MDLADR 



EQU 3 

EQU 10H 

EQU 1 1 H 

EQU 12H 



37 VAR2 


EQU 


13H 


39 START 


LI 


80H 


40 


NS 


D 


41 


SR 


1 


42 


LR 


\A 


43 


LR 


AS 


44 


AS 


S 


45 


LNK 




46 


LR 


S,A 


47 


LIS 


2 


48 


BP 


SETCE 



PORT DATA IMAGE (NOT INVERTED) 
WRITE DATA 
INTERMEDIATE VARIABLE 
MDL ADDRESS: 
BITS 0-5=MDL ADDRESS 
BIT 6 =MAP SELECTION 

SELECTS CE1 

1 SELECTS CE2 
BIT7=C0MMAND 

0=READ 
1=WRITE 
INTERMEDIATE VARIABLE 



MASK OFF WRITE/READ BIT 

OF MDL ADD RESS R EG. 

MOVE WRITE/READ BIT TO BIT 6 

STORE IN VAR1 REG. 

GET MDL ADDRESS 

ROTATE MDL ADDRESS LEFT 

MAP SEL=BIT7, WR/RD=BITO 
PUT BACK IN MDL ADDRESS REG. 
GET CHIP ENABLE PATTERN 
SIGN BIT, 0=CE11=CE2 



TO HERE IF CE2 REQUIRED 



000C13 
000D'E3 



52 SL 1 ;SHIFT CHIP ENA. PAT. FOR CE2 

53 SETCE XS PTOIMG TOGGLE CHIP ENA. BIT IN PORT IMAGE 
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LOC OBJ. CODE 

000E53 
CXX)F4C 
001013 

0011 18 

001 2 5D 



001378 
00145E 
001571 

001 6 FC 

001 7 E3 

001 8 BO 

001 9 21 EF 
001 B BO 
001 C4C 
001D12 
001 E5D 
001 F3E 

0020 94F4 



0022 4E 

0023 CC 

0024 840B 
0026 13 



F8/3870 MACRO CROSS ASSM. V2. 2 PAGE 2 
STMT-NR SOURCE-STMT PASS2 lOONE lOONE lOONE 



REL 



0027 8424 

0029 5E 
002A4C 
002B6A 
002C18 
002D5D 
002E 90E4 



54 
55 
56 

57 

58 



LR 
LR 
SL 

COM 

LR 



PTOIMG,A 

A,S 

1 



l,A 



NOW SET UP LOOP TO SEND COMMAND WORD 



;PUT UPDATED IMAGE IN PTOIMG 

;GETMDL ADDRESS 

;SHIFT LEFT TO CREATE COMMAND 

WORD 
;INVERT CMD. WORD SINCE PORT 

INVERTS 
;PUT BACK IN MDL ADDR. REG. 



62 SEND 


LIS 


8 


63 


LR 


D,A 


64 SENDLP 


LIS 


1 


65 


NS 


S 


66 


XS 


PTOIMG 


67 


OUTS 





68 


Nl 


OEFH 


69 


OUTS 





70 


LR 


A,S 


71 


SR 


1 


72 


LR 


l,A 


73 


DS 


D 


74 


BNZ 


SENDLP 



SET LOOP COUNT = 8 BITS 
PUT LOOP COUNT IN VAR2 REG. 
;MASK OFF LSB OF 
WORD TO BE SENT 
MERGE IT WITH PORT IMAGE 
;WRITE TO PORT 0, SETS SCLK LOW 
;CHANGE BIT 4 BACK TO (SCLK) 
OUTPUT TO PORTO, SETS SCLK HIGH 
;GET WORD TO BE SENT 
;MOVE NEXT BIT TO BE SENT INTO LSB 
PUT BACK INTO REG. 
DECREMENT VAR2 REG. = BITS TO BE 
SENT 
;IF MORE BITS TO SEND LOOP AGAIN 




CHECK IF READ OR WRITE OPERATION 

VAR1 REG. IS FOR A READ AND 40H FOR A WRITE 



79 


LR 


A,D 


81 


AS 


S 


82 


BZ 


RECEIV 


84 


SL 


1 



;DUMMY LOAD TO MOVE ISAR TO VAR1 
; LOADED ZERO INTO ACCUM. 
;THIS SETS ACCUM=VAR1, AND SETS 
STATUS 
;IF ZERO, READ 8 BITS 
;ELSE, WRITE 8 BITS OF DATA 
;SHIFT VAR1 VALUE LEFT 



NOTE PRESENT VALUE OF ACCUMULATOR: 
10000000 IF COMMAND WORD JUST SENT 
00000000 IF DATA WORD JUST SENT 



90 

92 
93 
94 
95 
96 
97 



BZ ENDXFR ;IF CMD AND DATA SENT, END XFER 

;ELSE, SEND DATA WORD 

LR D,A ;PUT VALUE OF ACCUM. IN VAR1 

LR A,S ;GET DATA TO BE SENT 

LISL MDLADR.AND.7 ;POINT TO MDLADR REG. 
COM ;INVERT DATA FOR PORT INVERSION 

LR l,A ;PUT DATA INTO MDLADR REG. 

BR SEND ;SEND THE DATA 



TO HERE FOR READ DATA TRANSFER, SET UP TO RECEIVE DATA 
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LOG OBJ. CODE 



F8/3870 MACRO CROSS ASSM. V2. 2 PAGE 3 
STMT-NR SOURCE-STMT PASS2 lOONE lOONE lOONE 



REL 



0030'6B 

0031 78 

0032 5E 

0033 E3 

0034 53 



101 RECEIV 


LISL 


VAR2. AND. 7 


102 


LIS 


8 


1 03 


LR 


DA 


104 


XS 


PTOIMG 


105 


LR 


PTOIMCA 



POINT TO VAR2 

MASK FOR DOF, ALSO BIT COUNT 
LOAD BIT COUNT INTO VAR2 
TOGGLE roF OF PORT IMAGE 
PUT BACK IN PORT IMAGE 



NOW READ DATA FROM PORT BIT 



0035'43 


109 RECVLP 


LR 


A,PTOIMG 


GET PORTO IMAGE 


0036 BO 


110 


OUTS 





SEND IT TO PORTO 

TO SET DOF LOW AND SEND SCLK 


0037 4C 


112 


LR 


A,S 


GET DATA BEING ASSEMBLED 


003812 


113 


SR 


1 


SHIFT RIGHT TO EMPTY MSB 


0039 5C 


114 


LR 


S,A 


PUT DATA BACK 


003A AO 


115 


INS 





READ PORTO 


003B15 


116 


SL 


4 


MOVE BIT 


003C13 


117 


SL 


1 


TO 


003D13 


118 


SL 


1 


BIT 


003E 13 


119 


SL 


1 


7 


003FEC 


120 


XS 


S 


MERGE BIT RECEIVED WITH DATA 


0040 5D 


121 


LR 


l,A 


STORE ASSEMBLED DATA 


004143 


122 


LR 


A, PTOIMG 


GET IMAGE OF PORTO 


0042 21 EF 


123 


Nl 


OEFH 


SET BIT 4 TO A 


0044 BO 


124 


OUTS 





OUTPUT TO PORT 0, SCLK GOES HIGH 


0045 3E 


125 


DS 


D 


DECREMENT BIT COUNT 


0046 94EE 


126 


BNZ 


RECVLP 


IF NOT LAST BIT, LOOP AGAIN 


0048 4C 


127 


LR 


A,S 




0049 4C 


12a 


LR 


A,S 


GET ASSEMBLED DATA 


004A1B 


129 


COM 




INVERT RECEIVED DATA SINCE 


004B5C 


130 


LR 


S,A 


PUT CORRECT DATA BACK IN REG 
PORT INVERTED DATA 


004C'43 


132ENbXFR 


LR 


A,PTOIMG 


GET PORT IMAGE 


004D 220E 


133 


01 


OEH 


SET BITS 1, 2, 3 HIGH TO DISABLE 
, CHIP ENABLE AND DOF 


004FB0 


135 


OUTS 





,SEND TO PORT 


0050 53 


136 


LR 


PTOIMG,A 


AND UPDATE PORT IMAGE 


0051 1C 


137 


POP 




;RETURN 


0052'201E 


141 RUN 


LI 


1EH 


;SET PTOIMG 


0054 53 


142 


LR 


PTOIMG,A 




0055 BO 


143 


OUTS 





! AND PORTO 


0056 2010 


144 


LI 


10H 




0058 62 


145 


LISU 


MDLADR. SHR. 3 




0059 6A 


146 


LISL 


MDLADR. AND. 7 




005A5C 


147 


LR 


S,A 




005B 280000' 


148 


PI 


START 




005E'90FF 


149 STOP 


BR 


STOP 
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EXECUTION TIMING 

The execution of this program is about the same as the one given in Section 9.1 .3 except 
that the main send loop requires 5 jus more time and t he receive loop requires 3 extra 
microseconds. The final restoring of CE1 or CE2 and DOF (for a read) requires 4 fxs less time 
and a seventeenth SCLK cycle does not occur. Another difference is that all outputs change 
state coincident with the falling edge of SCLK (plus or minus small propagation delay 
differences). 

The total execution time for a write operation is 665 jjs if CE1 is selected or 666 fxs if CE2 is 
selected. The total execution time for a read operation is 752 jus or 753 /iS depending upon 
which CE Is selected. 

Figure 9.1 .5.1 graphically Illustrates the waveforms involved. 



EXECUTION TIMING 
Figure 9. 1.5.1 
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Figure 9.1 .5.1 shows the waveforms produced by the program for a read operation. The 
dotted portion of SIO shows when it would change states when being driven by the MDL 
peripheral. The arrows show when the CPU samples SIO pin. 

9.1.6 POWER-ON CONSIDERATIONS 

Principally, the only operation that needs to be performed is to deactivate CE of each 
peripheral. SCLK need not transition for the peripherals to recognize the deactivation of CE. 
If using the CE method illustrated in the sample programs, one should place the proper 
initial condition in the port copy register and output that data to the port. For systems with 
only one MDL map, CE can be deactivated then reactivated and can remain in the active 
state throughout normal execution as long as care is taken either not to allow SCLK cycles 
between accesses or to hold SIO high between accesses. 

9.2 MK3873 SOFTWARE FOR MDL INTERFACE 

The MK3873 Microcomputer has an on-chip serial port. This port is highly software configurable 
rather than employing hardware to handle the classical serial interfaces. Thus, while the MDL 
protocol is not a classical asynchronous or synchronous protocol, it is a simple matter to use the 
serial port of the 3873 to provide an MDL interface. Other serial ports which are more hardware 
intensive would require less software support to perform classical serial interfaces, but much more 
software overhead than the 3873 requires to "trick" them into properly performing the MDL 
interface. 
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The general method whereby the 3873 serial port is set up to handle the MDL interface is simple. 
The port is operated in the synchronous transmit mode. For a write operation, the command word is 
loaded Into the least significant 8 bits of the serial port and the data word is loaded into the most 
significant 8 bits. The port is set up for a word length of 1 6 bits. The CW and DW will be shifted out. 
For a read operation, the CW is loaded into the 8 least significant bits and FF Hex is loaded into the 
most significant bits. 

While data is being shifted out, it is also being shifted in so after all 1 6 bits have shifted out, the DW 
from the peripheral will have shifted in and will reside in the 8 most significant bits of the receive 
buffer. Between MDLtransfers, all ones should be loaded into all 1 6 bits of the port. While SCLK will 
continue to cycle, SIO will remain high and thus no start bit will occur. The port will continue to 
retransmit the last word loaded into it. The port can remain in this state indefinitely without CPU 
intervention. 

9.2.1 INITIALIZATION OF THE SERIAL PORT 

The serial port should be set up to operate in the synchronous transmit mode with a word 
length of 1 6. It will also be set up to generate internally SCLK and buffer it out to the MDL 
devices. The code to perform the Initialization is shown below. 

CLR Load Aq^ with zeros 

COM Turn 00 into FF 

OUTS E Load MSBs of port with FF 

OUTS F Load LSBs of port with FF 

LIS'B' Load Ace with 00001 011 

OUTS C This sets up 1 66.66 K bps (with 4 MHz crystal) on SCLK 

LI '76' Get data to set up serial port control 

OUTS D Set up word length = 1 6, sync, transmit, no interrupt. 

9.2.2 SIMPLE SINGLE WORD TRANSFER 

Suppose one wants simply to write or read a particular MDL register. The operation can 
take place in either an interrupt driven or polled mode. Let us first consider the polled mode. 

Whether doing a read or a write, it must first be determined when the timing is right to load 
new data Into the serial port. Data must be loaded at a time when an end-of-word (EOW) 
will not occur. Recall that if initialized as shown in Section 9.2.1, the port is continually 
transmitting all ones over and over. 



IV.34 



LOG OBJ. CODE 



F8/3870 MACRO CROSS ASSM. V2. 2 PAGE 1 

STMTNR SOURCE-STMT PASS2 SERONE SERONE SERONE REL 



MK3873 SERIAL PORT MDL 

SOFTWARE DRIVER 

SINGLE WORD WRITE 

FUNCTION: 

THIS ROUTINE PERFORMS A SINGLE WORD WRITE DATA 

TRANSFER TO A MDL PERIPHERAL 



ENTRY STATUS: 

CMD REG. MUST CONTAIN THE EXACT COMMAND WORD 
DATA REG. MUST CONTAIN THE DATA TO BE WRITTEN 
CHIPEN REG. MUST CONTAIN THE CHIPEN PATTERN TO 

BE OUTPUT TO THE PORT. 
ISAR MUST POINT TO THE CMD REGISTER 

EXIT STATUS: 

THE COMMAND AND DATA ARE TRANSMITTED AND THE SERIAL 

PORT THEN TRANSMITS FF'S. 

HARDWARE DEFINITION: 

SERIAL PORT SRCLK IS THE MDL SCLK 

SERIAL PORT SO AND SI ARE USED FOR THE MDL SIO 

PORT BITS 0-3 ARE USED FOR CHIP ENABLES 




SCRATCHPAD DEFINITION: 





= 0000 


31 PTOIMG 


EQU 







= 0010 


32 CMD 


EQU 


10H 




= 0011 


33 DATA 


EOU 


11H 




= 0012 


34 CHIPEN 


EQU 


12H 


000070 




37 INIT 


CLR 




0001 18 




38 


COM 




0002 BE 




39 


OUTS 


OEH 


0003 BF 




40 


OUTS 


OFH 


0004 7B 




41 


LIS 


OBH 


0005 BC 




42 


OUTS 


OCH 


0006 20E6 




44 


LI 


0E6H 


0008 BD 




45 


OUTS 


ODH 



PORTO IMAGE 

COMMAND REG. 

;DATA REG. 

iCHIP ENABLE PATTERN REG. 

;GET ZEROS 
MAKE FF'S 

LOAD FF'S IN SERIAL MSB PORT 
;LOAD FF'S IN SERIAL LSB PORT 
GET 00001 011 

;THIS SETS UP SCLK = 1 66.66 KBPS 
WITH 4 MHZ CRYSTAL 
:SERIAL PORT CONTROL DATA 
:SETS 1 6 BITS,SYNC XMIT,NO INTER. 



WRITE SINGLE WORD 



0009'70 

000A18 

OOOBBF 

OOOC'AD 

OOOD'SIFE 

000F'4D 

0010 BF 



49 WRITE 


CLR 




;GETO 


50 


COM 




MAKE FF 


51 


OUTS 


OFH 


CLEAR READY FLAG 


52 WAIT1 


INS 


ODH 


WAIT1 LOOP 


53 


BP 


WAIT1 


UNTIL READY SET 


54 GETCW 


LR 


AJ 


GET COMMAND WORD 


55 


OUTS 


OFH 


PUT INTO LOWER BUFFER 



IV-35 



LOC OBJ. CODE 


001 1 4D 


001 2 BE 


001 3 4C 


0014 EO 


001 5 BO 


0016'AD 


001 7 81 FE 


0019 70 


001A18 


001 BBF 


001 C BE 


OOID'AD 


001E81FE 


002040 


0021 BO 


0022 1C 



F8/387Q MACRO CROSS ASSM. V2. 2 PAGE 2 
STMT-NR SOURCE-STMT PASS2 SERONE SERONE SERONE 



REL 



56 


LR 


A,l 


GET DATA WORD 


57 


OUTS 


OEH 


PUT INTO UPPER BUFFER 


58 


LR 


A,S 


GET CHIP ENABLE PA lltRN 


59 


XS 


PTOIMG 


TOGGLE CHIP ENABLE BIT 


60 


OUTS 





SET CE ACTIVE 


61 WAIT2 


INS 


ODH 


WAIT TILL WORD LOADED INTO 


62 


BP 


WAIT2 


SHIFT REGISTER 


63 


LIS 





GETO 


64 


COM 




MAKE IT FF 


65 


OUTS 


OFH 


PUT FF INTO LOWER BUFFER 


66 


OUTS 


OEH 


PUT FF INTO UPPER BUFFER 


67 WAIT3 


INS 


ODH 


WAIT UNTIL XMIT BUFFER IS 


68 


BP 


WAIT3 


LOADED INTO SHIFT REG. 


69 


LR 


A,PTOIMG 


GET IMAGE OF PORTO 


70 


OUTS 





SEND TO PORT, SETS CE INACTIVE 


71 


POP 




RETURN 
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The execution time is a function of the serial port Baud rate, and the bit count at the time 
that execution of this code is encountered. With a 4MHz 3873 time base and maximum 
internal Baud rate, each bit requires 6 /xs. Thus, a full word requires 1 6 x 6 //s = 96 /zs. If the 
last bit or two of a word was being shifted out at the time that execution started, the 
maximum execution time would occur. 



WORST CASE EXECUTION FOR SINGLE WORD 
WRITE CODE 
Figure 9.2.2.1 



READY 

XMIT i 
BUFFER I 



SERIAL 



^~\ 



y~\ 



y 



FF+CW 



DW+FF 



-FFFF- 



- DW + CW- 



- FFFF " 



PORT J 



.PORT SENDING. 
ALL ONES 



ttftt 



ceo 

LOU 

RMT 

S 

F 



ftt 



.PORT SENDING, 
ALL ONES 



AAAAAAAAii kkkk 44|44fff \H\ f ^^ 



D D 



CE 



WAIT 1 LOOP 



T S 

t-. 



/ 



.PORT SENDING. 
CW AND DW 



.PORT SENDING 
ALL ONES 



C 

O 

MO O 

L U U 

I T T I 

S S S N 
FES 



tftff 



WAIT 2 LOOP 



D D 



WAIT 3 LOOP 




\ 



As can be seen from Figure 9.2.2.1, the worst case execution time is three 16 bit word times 
plus about 30 to 34 ^s. This is about 320 /xs. 

If a CE signal is not switched before and after each transmission as shown, one would not 
have to wait for the CW and DWto clear the buffer before switching CE and continuing with 
other code. For a single map system, one could deactivate CE at power-on to reset the serial 
interface of the peripherals, then reactivate it and leave it continually active. If this was the 
case, the write code could have concluded with the last OUTS E instruction marked with the 
asterisk in Figure 9.2.2.1 . This would reduce worst case execution time to two word times 
plus about 40 /xs, making the total 232 /iS. 

Best case execution time would occur if the serial port was near an end of word, but not so 
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close that the first OUTS F did not occur before the EOW. This is illustrated below in Figure 
9.2.2.2. 



BEST CASE EXECUTION TIME FOR SINGLE WORD 
WRITE CODE 
Figure 9.2.2.2 



READY 



\/\ 



^\. 



y 



XMIT ) 
BUFFER ("^ 



FF + CW 
» HH< — — DW + CW 



DW + FF 




Under best case conditions, no time is spent looping in the Wait 1 loop. Thus, execution time 
is essentially two word times plus about 34 to 38 fjs or about 228 ^is. 

If CE was not switched as shown but left active after "the transfer, best case execution would 
be about one word time plus 4 us to 46 us or about 1 4 /xs. Even if there are multiple MDL 
maps, CE switching is required, and the proper CE could have been selected prior to the 
transfer and could remain active until just before the next transfer when it could be turned 
off. The code could be modified between lable CEMSK and the following OUTS as follows. 

CEMSK LR A, R Get Port data copy. 

Nl ' ' Deactivate any CE and activate any CE desired. 

01 ' ' Deactivate any CE and activate any desired CE. 

LR R, A Update Port 0. Copy in register. 

OUTS Switch CE. 
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LOG OBJ. CODE 



F8/3870 MACRO CROSS ASSM. V2. 2 PAGE 1 

STMT-NR SOURCE-STMT PASS2 SERTWO SERTWO SERTWO REL 



MK3873 SERIAL PORT - MDL 

SOFTWARE DRIVER 

SINGLE WORD WRITE 

FUNCTION: 

THIS ROUTINE PERFORMS A SINGLE WORD READ OPERATION 

WITH A MDL PERIPHERAL 



ENTRY STATUS: 

ISAR POINTS TO THE COMMAND TO BE SENT 

CMD REG. CONTAINS THE COMMAND BYTE 

CHIPEN REG. CONTAINS THE CHIP ENABLE PATTERN TO BE 

OUTPUT TO THE PORTO. 

EXIT STATUS: 

DATA REG. CONTAINS THE DATA BYTE READ 

HARDWARE CONFIGURATION: 

SERIAL PORT SRCLK IS THE MDL SCLK 

SERIAL PORT SO AND SI ARE USED FOR THE MDLSIO 

PORTO BITS 0-3 ARE USED FOR SEI THROUGH CE4 



a 



SCRATCHPAD DEFINITIONS: 





= 0000 


31 PTOIMG 


EQU 







= 0010 


32 CMD 


EOU 


10H 




= 0011 


33 DATA 


EQU 


11H 




= 001 2 


34 CHIPEN 


EQU 


12H 


000070 




37INIT 


CLR 




0001 18 




38 


COM 




0002 BE 




39 


OUTS 


OEH 


0003 BF 




40 


OUTS 


OFH 


0004 7B 




41 


LIS 


OBH 


0005 BC 




42 


OUTS 


OCH 


0006 20E6 




44 


LI 


0E6H 


0008 BD 




45 


OUTS 


ODH 


0009 70 




47 


CLR 




000A18 




48 


COM 




OOOBBF 




49 


OUTS 


OFH 


OOOC'AD 




50WAIT1 


INS 


ODH 


000D81FE 




51 


BP 


WAIT1 


000F'4D 




52 GETCW 


LR 


A,l 


0010 BF 




53 


OUTS 


OFH 


0011'4D 




54CEMSK 


LR 


A,l 



PORTO IMAGE 

COMMAND REG. 

DATA REG. 

CHIP ENABLE PATTERN REG. 

GET ZEROS 
MAKE FF'S 

LOAD FF'S IN SERIAL MSB PORT 
LOAD FF'S IN SERIAL LSB PORT 
GET 00001 011 

THIS SETS UP SCLK = 1 66.66 KBPS 
WITH 4 MHZ CRYSTAL 
SERIAL PORT CONTROL DATA 
SETS 16BITS,SYNCXMIT,N0 INTER. 

GETO 

MAKEFF 

CLEAR READY FLAG 

WAIT UNTIL 

READY FLAG SET 
GET COMMAND 

AND PUT INTO LOWER BUFFER 

;DUMMY LOAD TO INCREMENT ISAR 
;ISAR NOW POINTS TO CHIPEN 
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LOG OBJ. CODE 



F8/3870 MACRO CROSS ASSM. V2. 2 PAGE 2 
STMTNR SOURCE-STMT PASS2 SERTWO SERTWO SERTWO 



REL. 



0012 40 

001 3 EE 

0014 BO 
0015'AD 
001 6 81 FE 
0018 70 
001918 
001 A BF 
0018 BE 
001 CAD 
001D81FE 
001 FAE 
0020 5C 
002140 

0022 BO 

0023 1C 



56 


LR 


A,PTOIMG 


GET PORT IMAGE 


57 


XS 


D 


MERGE CHIPEN PATTERN 


58 


OUTS 





OUTPUT TO PORTO 


59 WAIT2 


INS 


ODH 


WAIT TILL XMIT BUFFERS 


60 


BP 


WAIT2 


ARE LOADED INTO SHIFT REG. 


61 


LIS 





GETO 


62 


COM 




MAKEFF 


63 


OUTS 


OFH 


PUT IN LOWER BUFFER 


64 


OUTS 


OEH 


PUT IN UPPER BUFFER 


65 WAIT3 


INS 


ODH 


WAIT UNTIL FF'S 


66 


BP 


WAIT3 


LOADED INTO SHIFT REG. 


67 


INS 


OEH 


GET DATA READ 


68 


LR 


S,A 


PUT INTO DATA REG. 


69 


LR 


A,PTOIMG 


GET PORT IMAGE W/0 CHIPEN 


70 


OUTS 





DISABLE CHIP ENABLES 


71 


POP 




RETURN 
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In both the write operation and the read operation shown above, the comnnand word and CE 
selection was done via immediate data. This could have also come from data elsewhere in 
the machine as could the data word for the write operation. As can be seen from Figures 
9.2.2.1 and 9.2.2.2, time is always spent in the Wait 2 loop. Some of this time could be used 
to get these pieces of data in some indirect fashion. If this data manipulation required more 
time than is available, it could be done prior to the first instruction shown in the sample 
code. 

Another option is to execute another code instead of sitting in the Wait 2 or Wait 3 loops. 
That is, to distribute this code inside some other calculation or data movement routine 
whereby the instructions themselves dictate that sufficient time (but not too much time) has 
elapsed. Only the Wait 1 loop is highly variable in duration. This loop causes the code to 
synchronize its execution with the serial port word times. Once this synchronization has 
occurred, the times at which serial port reads and writes can occur without problem is 
known to some reasonable accuracy. 

9.2.3 MULTIPLE WORD TRANSFERS IN POLLED MODE 

The following program illustrates writing multiple words of data to consecutive registers in 
a particular MDL device (such as the 3824 serial RAM). 

The assumptions are as follows. The words occupy consecutive locations in the scratchpad 
RAM of the 3873. The location of the first word is in scratchpad register 1 (R1 ). Thus, if the 
words were in scratchpad registers 21 , 22, 23, . . . register R1 would contain the data '21 '. 
Similarly, the starting MDL address is in register 2 (R2). If R2 contained '34', the data in 
scratchpad register would be written to MDL register 34, the data in scratchpad register 22 
would be written to MDL register 35, and so on. The number of words to be moved out of 
scratchpad and into MDL registers is in scratchpad register 3 (R3). 

It is also assumed that Bit 6 of the MDL pointer (R2) is used to select one of two CE lines. 
Thus, if R2 Bit 6 is a "0", CE1 will be activated and if it is a "1 ", CE2 will be activated. It is also 
assum ed th at the wrong CE line might be a ctivat ed at the time that execution of this code 
begins. CE1 is generated on Port Bit 6 and CE2 is generated on Port Bit 5. It is assumed 
that Port is used only for outputs and that no outputs get clamped so a copy of Port data 
in scratchpad RAM is not required. Finally, it is assumed that the serial port has been 
initialized as described in Section 9.2.1 . Scratchpad register 4 is used as a working register. 



D 
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LOC OBJ. CODE 



F8/3870 MACRO CROSS ASSM. V2. 2 PAGE 1 

STMT-NR SOURCE-STMT PASS2 SERTHR SERTHR SERTHR REL 



MK3873 SERIAL PORT - MDL 

SOFTWARE DRIVER 
MULTIPLE WORD TRANSFERS 

FUNCTION: 

THIS ROUTINE PERFORMS MULTIPLE WORD DATA TRANSFERS 

WITH A MDL PERIPHERAL VIA THE MK3873 SERIAL PORT 

ENTRY STATUS: 

POINT REG. CONTAINS THE SCRATCHPAD LOCATION OF THE 

FIRST WORD TO BE TRANSFERRED. BIT SIX OF POINT IS 

USED TO SELECT ONE OF TWO CE LINES, 0=CE1 , 

1=CE2. 
MDLADR REG. IS THE STARTING MDL ADDRESS FOR DATA 

TO BE WRITTEN TO. 
NOWORD REG. IS THE NUMBER OF WORDS TO BE WRITTEN. 

EXIT STATUS: 

THE NUMBER OF CONSECUTIVE WORDS SPECIFIED ARE TRANS- 
FERRED FROM SCRATCHPAD TO THE MDL STARTING ADDRESS 
SEQUENTIALLY. 

HARDWARE CONFIGURATION: 

SERIAL PORT SRCLK IS THE MDL SCLK 

SERIAL PORT SO AND SI ARE USED FOR THE MDL SIO 

PORT OBIT 5 IS CEl 

PORT OBIT 6 IS CK 



SCRATCHPAD DEFINITION: 





= 0000 


35 POINT 


EQU 


; 




= 0001 


36 MDLADR 


EQU 


1 ;J 




= 0002 


37 NOWORD 


EOU 


2 ; 




= 0004 


38 WRKREG 


EOU 


4 : 


000070 




41 INIT 


CLR 


;( 


0001 18 




42 


COM 




0002 BE 




43 


OUTS 


OEH ; 


0003 BF 




44 


OUTS 


OFH ; 


0004 7B 




45 


LIS 


OBH ; 


0005 BC 




46 


OUTS 


OCH ;■ 


0006 20E6 




48 


LI 


0E6H ; 


0008 BD 




49 


OUTS 


ODH ; 


0009'41 




51 START 


LR 


A,MDLADR ; 


000A13 




52 


SL 


1 ; 


000B1F 




53 


INC 





POINTER TO DATA LOCATION 
STARTING MDL ADDRESS 
NO. OF WORDS TO BE TRANSFERRED 
WORKING REGISTER 

GET ZEROS 
MAKE FF'S 

LOAD FF'S IN SERIAL MSB PORT 
LOAD FF'S IN SERIAL LSB PORT 
GET 00001011 

THIS SETS UP SCLK = 1 66.66 KBPS 
WITH 4 MHZ CRYSTAL 
SERIAL PORT CONTROL DATA 
SETS 1 6 BITS,SYNC XMIT,NO INTER. 

GETMDLADDRESS_ 
SHIFT LEFT, PUTS CE IN BIT 7 
PUTS A 1 IN BIT 
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LOC OBJ. CODE 



F8/3870 MACRO CROSS ASSM. V2. 2 PAGE 2 
STMT-NR SOURCE-STMT PASS2 SERTHR SERTHR SERTHR 



REL 



000C51 
GOOD 01 
000E51 
000F2040 

001 1 9202 
001312 

0014'54 
0015A0 
001 6 21 9F 

001 8 E4 

001 9 BO 
001 A 70 
001B18 
001 CBF 
001 D'AD 
001E81FE 

0020 41 

0021 BF 

0022 2404 

0024 51 

0025 40 

0026 OB 

0027 IF 

0028 50 

0029 4C 
002ABE 
002B32 
002C'94F0 
002E'AD 
002F81FE 

0031 70 

0032 18 

0033 BE 

0034 BF 
0035'AD 
0036 81 FE 

0038 AO 

0039 21 9F 
003BB0 
003C1C 



54 


LR 


MDLADRA ; 


55 


AS 


MDLADR ; 


56 


LR 


MDLADR,A ; 


57 


LI 


40H ; 


58 


BNC 


SAVE ; 


59 


SR 


1 ; 


61 SAVE 


LR 


WRKREG,A ; 


62 


INS 


; 


63 


Nl 


9FH ; 


64 


XS 


WRKREG ; 


65 


OUTS 


; 


66 


CLR 




67 


COM 




68 


OUTS 


OFH ; 


69 MNLOOP 


INS 


ODH ; 


70 


BP 


MNLOOP ; 


71 


LR 


A,MDLADR ; 


72 


OUTS 


OFH ; 


73 


Al 


4 ; 


74 


LR 


MDLADRA ; 


75 


LR 


A,POINT ; 


76 


LR 


IS,A ; 


77 


INC 




78 


LR 


POINT,A ; 


79 


LR 


A,S ; 


80 


OUTS 


OEH ; 


81 


DS 


NOWORD ; 


82 ENDLOOP 


BNZ 


MNLOOP ; 


83 WAIT1 


INS 


ODH ; 


84 


BP 


WAIT1 ; 


85 


CLR 




86 


COM 




87 


OUTS 


OEH ; 


88 


OUTS 


OFH ; 


89 WAIT2 


INS 


ODH ; 


90 


BP 


WAIT2 ; 


91 


INS 


; 


92 


Nl 


9FH ; 


93 


OUTS 


; 


94 


POP 





PUT BACK INTO MDL ADDRESS REG. 
;THIS SHIFTS LEFT, AND SETS STATUS 
NOW IN CW FORMAT PUT INTO MDLADR 
GET PATTERN TO TOGGLE CET 

IF CE BIT OF MDLADR WAS DO SAVE 
IF CE BIT OF MDLADR WAS 1 , SHIFT 
PATTERN TO TOGGLE CE2 
SAVE CHIP ENABLE PATTERN 
READ PORTO 
SET BITS 5 AND 6 TO 
TOGGLE CHIP ENABLE SELECTED TO A 1 
ENABLE CHIP 
GETO 
MAKE IT FF 
CLEAR READY FLAG 
;WAIT TILL READY 
FLAG SET 

GET COMMAND WORD 
PUT INTO LOWER BUFFER 
INCREMENT MDL ADDRESS 
STORE NEXT COMMAND BACK IN 

MDLADR 
GET POINTER TO DATA 
PUT IN ISAR 
INCREMENT POINTER 
PUT BACK FOR NEXT WORD 
GET DATA WORD FOR WRITE 
PUT IN UPPER BUFFER 
DECREMENT NO. OF WORDS 
IF NOT END OF WORDS, DO AGAIN 
WAIT UNTIL CW=DW LOADED 
INTO SHIFT REG. 
GETO 
MAKE IT FF 

PUT INTO UPPER BUFFER 
PUT INTO LOWER BUFFER 
WAIT UNTIL BUFFERS LOADED 
INTO SHIFT REG. 
READ PORTO 
CLEAR^CE BITS 
SET CE BITS FALSE IN PORT 
RETURN 
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The main loop/MNLOOP, through ENDLOOP requires 59 /IS to execute. It must execute in 
one word time (96 /xs) with a little room to spare which it easily does. The set up portion 
requires about 54 /is and the ending portion requires about 30 ^^s past the end of the last 
CW + DW shifted out. It might require as much as two word times from the time that 
MNLQOP is first encountered until the first CW + DW is transmitted. Thus, the total 
execution time is about (N + 2) WT + 84 fxs where N is the number of words and WT is the 
word time. At the 1 66.6 KHz SCLK rate, WT is 96 jus. To send 1 6 words would then require 
about (18 X 96 /xs) + 84 /xs or about 1 .812 ms. This, when compared to the 10.36 ms 
required when generating the interface through manipulation of parallel I/O pins, shows 
the advantage of the serial port in terms of speed. However, the parallel I/O version could 
be optimized somewhat and perhaps reduced by 10% or so. The program just presented 
executes the main required code faster than the serial port can do its required function. So 
optimizing it for speed of execution would not materially affect the results. 

A multiple word read routine can be generated in similar fashion. This will not be presented 
in detail in this document. It would also appear that there is sufficient time margin to allow 
for a Write/Read test upon entering MNLOOP with a branch to either a write loop or a read 
loop, thus allowing for a composite program which can do either operation. This would 
allow some of the code to be shared and might save instruction space. 

9.2.4 IIMTERRUPT DRIVEN TRANSFERS 

The serial port of the 3873 can interrupt the CPU each time it receives or transmits a full 
character. Thus, it is not necessary to sit in a wait loop polling the ready flag to determine 
when the transfer of each word has completed. At maximum Baud rate, the time spent in 
the wait loops isfairly short (about 40/xs or so with a 4 MHz time base), and is about equal to 
the overhead involved in acknowledging an interrupt, saving existing status, and 
accumulator contents, performing the desired operation, and returning to the main 
program. Little throughput advantage may be realized if an interrupt driven routine is used 
instead of a polled routine. However, at lower Baud rates a considerable throughput 
advantage might result. Additionally, the interrupt driven method does allow the processor 
to continue to execute other codes while an MDL transfer is in progress. Thus, it can 
continue to monitor and respond to other events while a long transfer (either due to a slow 
Baud rate or due to the number of words involved in the transfer) is in progress. 

A sample program is shown below. It is assumed that two CE lines are generated on Port 
Bits and 1 . The program is written to handle either multi-word Reads or Writes of 
successive MDLaddresses. The data to be written to or the data read from the MDLdevlce 
occupies successive words in the scratchpad. Prior to execution, the following initialization 
is assumed. The serial port is in the transmit mode (word length 1 6) and is sending all ones. 
A correct command word is placed In scratchpad register 1 (R1 ). From this CW the starting 
MDL address is derived. The starting address of the data block in the scratchpad is placed in 
register 2 (R2). The number of words to be transferred is placed in scratchpad register 3._ 
Scratchpad register 4 (R4) is loaded with any 2's complement negative number for a write 
operation or is loaded with '04' Hex for a read. Registers 5 and 6 as well as register 9 are 
used to save the contents of the accumulator, IS, and status register when the serial port 
Interrupt causes execution of the main program to stop and execution of this interrupt 
handling routing to begin. It is also assumed that a copy of the data last written to Port is in 
register 7. 

After setting up the appropriate registers, the main program should handle bringing the 
correct CE line low, then serial port interrupts should be enabled. After that, the main 
program can continue with another desired task. The transfer will proceed under interrupt 
control with execution of the main program being suspended from time to time to allow this 
program to handle the data being read or written. After the transfer of the desired number of 
words is complete, this program will de-activate the activated CE line and also update the 
copy of Port data in R7 to reflect this. The main program can use this as a flag to determine 
when the transfer is done. 
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LOG OBJ. CODE 
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STMT-NR SOURCE-STMT PASS2 PAUL PAUL PAUL REL 



MK3870 INTERRUPT DRIVEN 
MDL TRANSFERS 

FUNCTION: 

THIS ROUTINE WILL PERFORM MULTI-WORD READS 

OR WRITES OF SUCCESSIVE MDL ADDRESSES. 

ENTRY STATUS: 

THE DATA TO BE WRITTEN TO OR THE DATA READ 

FROM THE MDL DEVICE OCCUPIES SUCCESSIVE 

BYTES IN THE SCRATCHPAD. THE SERIAL PORT 

HAS BEEN INITIALIZED IN THE TRANSMIT MODE 

WITH A 1 6 BIT WORD LENGTH. 

THE FOLLOWING REGISTERS CONTAIN: 



REGISTER CONTENTS 

1 CORRECT COMMAND WORD 

2 POINTER TO DATA BLOCK 

3 NUMBER OF WORDS 

4 (WRITE) 2'S COMPLIMENT NEG# 
4 (READ) '04'HEX 




ALSO, THE MAIN PROGRAM IS EOUIPPED TO HANDLE 
CHIP ENABLES. 

EXIT STATUS: 

AN ENTIRE DATA BLOCK IS READ FROM AN MDL 

DEVICE OR WRITTEN TO AN MDL DEVICE. 

HARDWARE DEFINITIONS: 

SERIAL PORT SRCLK IS THE MDL SCLK 

SERIAL PORT SO AND SI ARE USED FOR THE MDL SIO 

SCRATCHPAD DEFINITIONS: 





= 0000 


41 CW 


EQU 


1 


COMMAND WORD 




= 0002 


42 POINT 


EQU 


2 


DATA POINTER 




= 0003 


43 NOWORD 


EQU 


3 


# OF DATA WORDS 




= 0004 


44 RD - WR 


EQU 


4 


READ/WRITE REG 




= 0005 


45 SAVE -1 


EQU 


5 


ACCUMULATOR SAVE 




= 0006 


46 SAVE - 2 


EQU 


6 


ISAR SAVE 




= 0007 


47 PTOIMG 


EQU 


7 


PORTO IMAGE 


0000 55 




50 


LR 


SAVE 1, A 


SAVE ACC 


0001 OA 




51 


LR 


A, IS 


GET IS 


0002 56 




52 


LR 


SAVE 2, A 


SAVE IS 


0003 IE 




53 


LR 


J,W 


STORE STATUS REG 


0004 41 




54 


LR 


A, CW 


GET COMMAND WORD 


0005 BF 




55 


OUTS 


OFH 


PUT IN XMIT BUF 


0006 2404 




56 


Al 


04H 


INCREMENT ADDRESS 
;INCW 
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LOG OBJ. CODE 



F8/3870 MACRO CROSS ASSM. V2. 2 PAGE 2 
STMT-NR SOURCE-STMT PASS2 PAUL PAUL PAUL REL 



0008 51 

0009 70 
000AC4 



000B9113 

000D'12 

OOOF'9407 



001042 
0011 08 
00121F 

0013 52 

001 4 AF 

001 5 5C 

0016'33 
0017 8120 
0019 43 

001A1F 

001 B 9410 
001 D 901 7 



001F'42 

0020 OB 

0021 IF 

0022 52 

0023 4C 

0024 BE 

0025 33 

0026 81 1 1 
002843 
0029 IF 
002A840A 



002C'47 



002D21FC 
002FB0 

0030 57 

0031 2076 



58 


LR 


CW,A 


59 


GLR 




60 


AS 


RD-WR 


63 


BM 


WRITE 


64 READ 


SR 


1 


65 


RNZ 


SKIP 



70 


LR 


A, POINT 


71 


LR 


ISA 


72 


INC 




73 


LR 


POINT, A 


74 


INS 


OEH 


75 


LR 


S,A 


77 SKIP 


DS 


NOWORD 


78 


BP 


RESTORE 


79 


LR 


A,NOWORD 



81 

83 
84 



INC 

BNZ 
BR 



END 
PREEND 



90 WRITE 


LR 


APPOINT 


91 


LR 


IS,A 


92 


INC 




93 


LR 


POINT,A 


94 


LR 


A,S 


96 


OUTS 


OEH 


97 


DS 


NOWORD 


98 


BP 


RESTORE 


99 


LR 


A,NOWORD 


100 


INC 




101 


BZ 


PREEND 


104 END 


LR 


A,PTOIMG 



110 


Nl 


OFCH 


111 


OUTS 





112 


LR 


PTOIMCA 


113 


LI 


76H 



STORE NEWCW 

CLEAR ACC 

ADD RD-WR TO ACC 

;ACC NOW = TO RD-WR 
;BUT STATUS IS SET. 

IF NEG GO TO WRITE 

SHIFT RIGHT 

ON FIRST AND SECOND 

;TIMES THROUGH, RE- 
;SULT OF SHIFT WILL 
;BE'02'&'01'SO 
;WILL SKIP READING 

■GET POINTER 

;PUTINIS 

;INC POINTER 

;STORE NEW POINTER 

;READDATA 

;PUT DATA IN REG 

;POINTED TO BY IS 

;DECREMENTWORD# 

;IF NEG RETURN 

;GET WORD COUNT 

;IT MUST BE FF OR FE 

;INC, ACC MUST BE 
;00 OR FF 

;IF ACC IS FF BRANCH 

;IF ACC WAS NOT 00 

;THEN POINTER WAS FF 
;THUS LAST CW IS NOW 
;IN SHIFTER. CW NOW 
;IN XMIT BUFFER IS 
;BOGUS. 

GET POINTER 

STORE POINTER 

INC POINTER 

STORE N POINTER 

GET DATA POINTED 
;TOBYIS 

DATA TO XMIT BUF 

DEC WORD COUNT 

IF POS, OR RET 

GET WORD COUNT 

IF 'FF NOW '00' 

IF POINTER WAS 

;'FF' GO TO PREEND 
;LAST WORD IN SFTR 

WHEN SHIFTER IS 

;SENDING 'FF' IT 
;SAFE TO 
;TURN OFF CE's 
;AND END TRANSFER 
;GET PORT DATA 
MAKE & 1 BITS = 
DISABLES CE's 

STORE PORT COPY 
DATA FOR SERIAL 

;PORT CONTROL REG. 
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LOG OBJ. CODE 

0033 BD 

0034 70 
0035' 18 

0036 BE 

0037 BF 
0038'46 



0039 OB 
003A1D 
003B45 
003C1B 
003D1C 





F8/3870 MACRO CROSS ASSM. 


V2. 2 PAGE 2 


STMT-NR SOURCE-STMT PASS2 


PAUL 


PAUL PAUL REL 


115 




OUTS 


ODH 




;DISABLE INT. ONLY 


116 




CLR 






;CLEAR ACC 


117 


PREEND 


COM 






;ACC TO 'FF' 


118 




OUTS 


OEH 




;LOAD XMIT BUFFER 


119 




OUTS 


OFH 




;WITH 'FFFF' 


120 


RESTORE 


LR 


A,SAVE 2 




;PREPARE TO RETURN 

;T0 MAIN PROGRAM 
;RESTORE ISAR 


123 




LR 


IS,A 






124 




LR 


W,J 




;RESTORE STATUS 


125 




LR 


A,SAVE 1 




;RESTORE ACC 


126 




El 






;ENABLE INTRPTS 


127 




POP 






;RETURN 
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The flow for a Read transfer is as follows: 

1st Interrupt 

When the first interrupt occurs/the serial port is shifting out all ones and all ones are in the 
XMIT buffer. Any data in the receive buffer is not meaningful. The first CW is placed in the 
XMIT buffer and the address field in the CW register is incremented to make it the correct 
next CW. The word counter is decremented. Control is returned to the main program. 

2nd Interrupt 

The serial port is now shifting out the first CW. There is still no valid data in the receive 
buffer. The next CW is placed In the XMIT buffer and the CW register is updated. The word 
counter is decremented. Control is returned. 

3rd- Nth Interrupts 

The first through N-2 commands have been sent. The data in the receive buffer is valid data 
and is stored in the scratchpad with the pointer being incremented each time. The N-1 CW 
is in the shifter and the Nth CW is placed in the XMIT buffer. The word counter is 
decremented to initial value-N. Control is returned to the main program. 

N + 1 Interrupt 

For a transfer of N words, the N = 1 interrupt will occur when CWn-1 clears the shifter and 
CWn is moved to the shifter from the XMIT buffer. The receive buffer will contain DWn-1 . It 
is read and placed in the scratchpad. The scratchpad pointer is incremented to initial value + 
N-1 . The word counter is decremented from '00' to 'FF'. Before control is returned to the 
main program, the XMIT buffer is loaded with all ones. 

N + 2 Interrupt 

The last CW has now shifted out and the shifter is now sending all ones. The last DW is in 
the receive buffer so it is moved to the scratchpad. The serial port interrupt is disabled and 
CE is deactivated. Control is then returned to the main program. 

The flow of this program for a Write transfer is as follows. 

1 St Interrupt 

When the first interrupt occurs, the serial port is shifting out all ones and also has all ones in 
its transmit buffer. The first CW is loaded into the lower XMIT buffer and the CW In R1 is 
incremented to point to the next MDL address. The first DW is read from the address in R2 
and loaded into the upper XMIT buffer. The address in R2 is incremented. The word count in 
R3 is decremented. Control is returned to the main program. 

2nd-Nth Interrupt 

When each successive interrupt occurs, the serial port has just moved the previous (N-1 ) 
CWand DW into the shifter. A new (nth) CW is read from R1 and placed in the XMIT buffer 
along with the Nth data word. The pointer is incremented to value = N and the word counter 
is now at words - N. 

N + 1 Interrupt 

Assuming N words are to be written, when the N + 1 interrupt occurs, the last CW and DW 
are now in the shifter (but not yet completely out the door!) Initially a false CWand DW(the 
N + 1 words) are loaded into XMIT buffer but are corrected to be all ones before returning. 
The pointer is now at value + N + 1 and the word counter is at 'FF'. 
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N + 2 Interrupt 

At this interrupt, the last CWand DW have cleared the shifter. The shifter is now shifting out 
all ones. At this point the CE line is deactivated, the interrupt is turned off and the serial port 
is left in a mode to continue to shift out all ones indefinitely. 

In general, this routine must execute within one word time. In addition, there must be time 
for the main program to execute at least one instruction and time for the interrupt 
acknowledge sequence. In fact, there must be time for the main program to execute its 
longest sequence of protected instructions plus the next instruction. Thus, if there are, for 
example, two protected instructions in a row, there must be time for both of these to 
execute plus time for the next instruction to execute. About 1 5 /xs should be allowed for the 
interrupt acknowledge. The time allowed for main program execution depends upon the 
code to be executed but would probably be in the 1 to 30 jus range or longer if subroutine 
calls or other interrupts are involved. The worst case pass through the MDL routine shown 
above is 1 33 /xs for the last read interrupt and 1 28 /xs for the last write interrupt, but it is not 
necessary that these two passes execute within a word time because no subsequenally 
serial port interrupt will be immediately encountered. 

The actual time constraining pass through the MDL routine is the next to last pass for the 
Read or Write which (with a 4 MHz time base) are 1 06 /us and 1 05 jis, respectively. Thus, 
word time of the serial port must exceed this 106 /xs plus the near 15 /xs interrupt 
acknowledge plus the worst case execution time within the main program wherein 
acknowledging the serial port interrupt is not allowed. This total time might, for example, be 
1 60 jus. Thus the word time must equal or exceed this 1 60 jus. At the maximum internally 
generated Baud rate (with a 4 MHz time base) the word time is 96 jus. Thus, this general 
purpose routine could not function properly. However, atone half the maximum Baud rate it 
would probably function. At this Baud rate (83.3 K Baud with a 4 MHz time base) the word 
time would be 192 /xs. The average execution time per interrupt for a 16 word transfer 
would be 82.3 /jls for a Write or 84.5 /xs for a Read. In either case, 1 8 interrupts (N = 2) must 
be handled to accomplish a 1 6 (N) word transfer. When the 1 5 /ixs interrupt acknowledge 
time is added, this brings the average interrupt handling time to roughly 1 00 /xs. With 1 92 
/xs between interrupts, this means that about 52% of the time would be spent in handling 
interrupts (thus producing an MDLtransfer) and 48% of the time is used for execution of the 
main program. During the 18 word times required for the 16 word transfer, processor 
throughput is reduced to 48% of normal, but execution of other tasks can still proceed 
though at a reduced rate. 

Note that the routine presented ways very general in nature. For a given specific system, its 
execution time could be reduced. Thus, it could be possible to operate the serial port in the 
interrupt driven environment even at the higher Baud rate and still allow some throughput 
of the main program. An example of a specific case might be a read or write only routine. For 
a device like an MDL display driver, reading any registers might not occur at all. Write 
operations could be restricted to perhaps two or three specific registers (display data) for this 
device in normal execution. Thus, a lot of the instructions which manipulate loop counts, 
pointers, etc. could be eliminated as well as the testing donetodifferentiatewhether a read 
operation or a write operation is to occur. 
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Z80 Microcomputer Application Notes 




MQSTEK. 



ADD SERIAL COMMUNICATION CAPABILITY TO THE 
8086/8088 FAMILY USING THE Z80 SIO 

^ Application Note 



INTRODUCTION 



DESCRIPTION 



Since its introduction, the SIO (MK3884/5/7) has been 
widely recognized as one of the most powerful serial 
communications devices commercially available. The SIO is 
a dual-channel, multifunction peripheral device capable of 
handling a wide variety of serial data communications 
requirements in microcomputer systems. The system 
designer can configure the SIO for the personality of almost 
any system, as each channel is software programmable. 
The communications' power of the SIO does not need to be 
limited to those applications where a Z80 CPU is being 
used. To explain more fully how it can be used with other 
processors is the basis of this application note. The 
information presented here can be used to adapt the use of 
the SIO not only to the 8086/8088 family but also to other 
microprocessors. All references made to the 8086 hereafter 
apply also to the 8088, as the hardware and software 
implementation is identical for each. 



The MK3884/5/7 (SIO) is a dual full duplex USART device 
that includes special logic to allow it to handle special 
purpose serial protocols such as SDLC and HDLC. Three 
bonding options are available to the user, allowing alternate 
signals to be brought out to some pins for a particular 
application. For example, in some cases the receive and 
transmit clocks for the second channel are both needed 
because they will be at different fre quenc ies. A user 
desiring this can use the MK3887 but the SYNC signal must 
be sacrificed. Other alternative signal selections are 
brought out on the MK3884 and MK3885. This flexibility 
and the fully dual nature of the SIO give it particular appeal 
in designing serial communications equipment. 

The system that will be considered is a very simplified 8086 
based minimum mode system which will use the SIO as a 
serial communications port interfaced to a standard ASCII 
terminal. It is assumed that the device will be memory 
mapped to avoid the use of the limited I/O instructions of 
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the 8086 family. Interrupts will be used for the receive side 
of channel A to signal the processor that another character 
has been received. Figure 1 shows a simplified block 
diagram of the system. 

There are several control signals used by the SIO which are 
peculiar to the Z80 family of devices and, as such, must be 
given special consideration in using this device with 
another processor. 



l.A/BandG/D 


(inputs) 


2. CE 


(input) 


3. M1 


(input-needed for interrupts) 


4. lORQ 


(input) 


5. RD 


(input) 


6. INT 


(output) 



The most readily obtainable signals are A/B and C/D 
corresponding to A1 and A2 of the address bus, 
respectively. Note that the address bus must first be latched 
by the ALE signal from the 8086. (NOTE: AO is not an 
address but a bank select signal.) For the sake of 
programming, we will consider the SIO as a memory 



mapped device as suggested earlier. We will also want to 
use the interrupt capability of the device and that will be 
covered later. Since the address signals are latched out of 
the processor first, there is not a timing problem with the 
interface to the SIO if the chip enable signal is decoded well 
before any data is available. The CE signal is derived from 
address decoding the upper address bits. This can be done 
using a BIPOLAR PROM or a decoder such as the 74LS1 38 
as shown in Figure 2. It is important to note that the CE 
signal will be valid only during a memory cycle through the 
use of the M/lO line from the 8086. In a maximum 8086 
system, this must be done with the signals from the Bus 
Controller Device. 

MT is used by the SIO only during the interrupt 
acknowledge cycle andthe interrupt return cycle. To handle 
interrupts with the 8086, thelNT signal is inverted between 
the SIO and the processor to form the INTR signal with its 
logic true high . When the 8086 detects an interrupt, it 
issues an I NTA (Interrupt acknowledge) signal twice: first in 
conjunction with LOCK to lock out any possible outside bus 
requests and then a second time to initiate the interrupt 



8086 MINIMUM SYSTEM USING THE MK3884/5/7 
Figure 2 
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vector respon se. This second INTA is detected by excluding 
the first INTA using a toggle flip-flop which is then applied to 
the SIO as JVPl . This Ml is delayed using a flip-flop and gated 
with CE to form_the necessary lORQ signal. The 
combination of the Ml followed by the lORQ signals the SIO 
that an interrupt acknowledge cycle is being performed. At 
that point the SIO will place its programmed interrupt vector 
on the data bus for use by the processor. At the end of the 
interrupt service the SIO would normally be reset by the 
detection of the two byte opcode ED and 4D. With a non-Z80 
processor, the SIO can be reset by the software interrupt 
reset command. This will be discussed later. 



The lORQ signal is used to signal the SIO that an I/O 
instruction is being performed. Since we ha ve ass umed 
that the device will be memory mapped, the lORQ signal 
can be simply the'RD or WR signal gated with the delayed 
M1 signal discussed previously. If the CE signal is not fully 
decoded, a problem can occur if other devices are similarly 
accessed. Therefore, it is suggested that full decoding be 
used to allow unrestricted use of the remainder of the 
memory space. 

The RD (read) signal comes directly from the 8086 and is 
applied to the SIO as such. This is to ensure that the device 
timing is maintained. 

The pull-up resistor and inverter on the INT (interrupt) line 
are necessary to ensure that the INTR signal to the 8086 is 
logic false (low) for all conditions except an actual interrupt 
where the SIO pull s INT low. If more than one SIO were 
being used, the INT signals from all the devices would be 
wire-ored together before going to the inverter. 

In most designs the introduction of the logic delays in the 
control signals will not adversely affect the timing 
necessary for proper operation of the SIO with the 8086. 
However, if the SIO is to be on a peripheral card or isolated 
from the processor by data, address, and control buffers, 
then the timing interrelations for the SIO as called out on 
the data sheets must be carefully examined to insure that 
proper set up and delay times are maintained. This is 
especially critical in the interrupt acknowledge cycle where 
the SIO is attempting to pass a vector back to the processor. 
Some caution, therefore, must be taken in respect to buffer 
direction & tri-state control. 



SOFTWARE 

Software needed to drive the SIO is most easily 
implemented as a block of command and data bytes that are 
transferred to the SIO using a memory block move type of 
operation. This is the primary reason for memory mapping 
the device. The actual programming of the SIO will be 
covered in another application note, but it is important to 
point out that the sequence of initialization commands and 
control commands for interrupt servicing is critical. 
Interrupt service routines are similar to other 8086 type 



services with the exception that the service routine for the 
SIO must have a VVrite Register 0, Command 7, as its last 
instruction to reset the internal interrupt hardware of the 
SIO so that another interrupt can be generated. 



OPERATION 

The maximum clock frequency of the SIO is 4 MHz, and for 
test purposes the clock speed was 3 MHz. This clock must 
be synchronized to the clock of the 8086 and inverted to 
ensure proper data transfers. This will limit the 8086 to a 
clock of 4 MHz, unless special speed-up/slow-down 
hardware is designed to synchronize the data transfers 
when differing clock rates are used. Under normal 
operation of the SIO and 8086 at 4 MHz, the SIO will not 
have a problem keeping pace with the processor because of 
its ability to transfer at very high data rates. Caution should 
be taken if the SIO clock is not 50% duty cycle to ensure that 
the clock high (min.) and clock low (min.) signals are not 
violated. If synchronous data transfers at very high clock 
rates are to be done with the SIO, it may be necessary to use 
a direct memory access controller to load the transmit buffer 
of the SIO to ensure that it does not become prematurely 
empty. If the transmit buffer does become empty before the 
end of the transmission, the block of data being transmitted 
may be terminated before all the data has been transferred. 
Successful operation of the SIO in very high speed systems 
has demonstrated that the SIO is capable of the most 
sophisticated data transfers with the least interface to the 
processor of a system. 

PROGRAM EXAMPLE 

Table 1 illustrates an echo program showing the 
initialization and transfer of data between the 8086 CPU, 
the Z80 SIO, and a terminal. Proper initialization includes 
first resetting B and loading the interrupt vector '10'H to the 
SIO. In the event of an interrupt, '10'H will be read by the 
8086, multiplied by 4 internally, and will hence provide an 
interrupt look up table located at '40' H as indicated in Table 
1. As shown, channel A is configured for data 
communications at 9600 baud, no parity, one stop bit, and 8 
bits / character. Reference should be made to the Mostek 
MK3884 technical manual for proper SIO initialization 
procedures. Worthy of note are the command strings 
incorporated for SIO initialization. This technique is 
analogous to the efficient Z80 OTIR instruction. Also of 
interest and necessity is the software return from interrupt. 
When the Z80 SIO is in an interrupt driven environment, it 
must see an RETI instruction (ED4D)on its data bus in order 
to reset the internal interrupt logic. In non-Z80 CPU 
environments, however, the interrupt reset may be effected 
by writing a '38'H to the appropriate command/status 
register of the SIO. Program execution loops until 
interrupted by the data terminal, causing an interrupt to the 
starting address, '002B'H in this example. 
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Table 1 



SI086 



LINE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 



SOURCE 

* THIS PROCEDURE (SUBROUTINE) ASSUMES THE SEGMENT REGISTERS * 

* AND STACK POINTER ARE SET UP. * 

INT__VECTS SEGMENT AT 

ORG 40 H 

DD ECHO 
INT VECTS ENDS 



CODENAME SEGMENT 

ASSUME CS: CODENAME, DS: CODENAME, SS:CODENAME,ES: CODENAME 

THE SIO IS MEMORY MAPPED AT LOCATIONS 1000H-1006H 

SIO__ADATA EQU lOOOH ;ADDRESS OF SIO CHANNEL A DATA 

SIO__BDATA EQU SI0_ADATA+2 ;ADDRESS OF SIO CHANNEL B DATA 

SIO_ACS EQU SI0_ADATA+4 ;ADDRESS OF SIO CHANNEL A 
; COMMAND/STATUS 

SIO^BCS EQU SI0_ADATA+6 ;ADDRESS OF SIO CHANNEL B 
; COMMAND/STATUS 

:V B COMMAND STRING TO INITIALIZE CHANNEL B 



B COMM 



DB 



18,02H,10H 



26 
27 
28 
29 
30 
31 
32 



18H CHANNEL B RESET/WRITE REGISTER 
02H SET POINTER TO WRITE REGISTER 2 
lOH SIO INTERRUPT VECTOR 

A COMMAND STRING TO INITIALIZE CHANNEL A 

A_COM DB 18H,04H,44H,01H,18H,03H,0C1H,05H,68H 



33 
34 
35 
36 
37 
38 
39 



18H CHANNEL A RESET, WRITE REGISTER 

04H SET POINTER TO WRITE REGISTER 4 

44H 16X CLOCK M0DE,1 STOP BIT, NO PARITY 

OIH SET POINTER TO WRITE REGISTER 1 

18H INTERRUPT ON ALL Rx CHARACTERS 

03H SET POINTER TO WRITE REGISTER 3 

CIH Rx 8 BITS/CHARACTER, Rx ENABLE 
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LINE 



SOURCE 



40 




05H 


SET POINTER TO WRITE REGISTER 5 


41 ; 

42 

43 ; 

44 

45 5 




68H 


Tx 8 BITS/CHARACTER, Tx ENABLE 


START ( 


3F SIO INITIALIZATION PROCEDURE 




;i0 INIT 


PROC 


NEAR 




46 START: 


MOV 


BX,SIO BCS 


CHANNEL B COMMAND ADDRESS 


47 




MOV 


SI, OFFSET B COM , 


ADDRESS OF COMMAND STRING 


48 




MOV 


CX, LENGTH B_COM 


STRING LENGTH IN COUNT REGISTER 


49 




OLD 




CLEAR DIRECTION FLAG,AUTO-INC. 


50 CBLD: 


LODS 


B COM 


CHANNEL B 


51 




MOV 


[BX],AL ; 


INITIALIZATION 


52 




LOOP 


CBLD 


LOOP UNTIL CX=0 


53 




MOV 


BX,SIO ACS 


CHANNEL A COMMAND ADDRESS 


54 




MOV 


SI, OFFSET A COM 


^ADDRESS OF COMMAND STRING 


55 




MOV 


CX, LENGTH A COM 


STRING LENGTH IN COUNT REGISTER 


56 CALD: 


LODS 


A COM 


CHANNEL A 


57 




MOV 


[BX],AL 


INITIALIZATION 


58 




LOOP 


CALD 


LOOP UNTIL CX^^O 


59 




STI 




,SET INTERRUPT FLAG 


60 




RET 




,RETURN TO CALLING PROGRAM 


61 SIO INIT 


ENDP 






62 










63 
64 
65 
66 
67 ! 


END OF 


INITIALIZATION OF SIO 




INTERRUPT SERVICE 


ROUTINE TO ECHO BACK CHARACTERS TO THE TERMINAL 


ho ISR 


PROC 


NEAR 




68 E 


:CHO: 


MOV 


BX,SIO ADATA 


,CHANNEL A DATA ADDRESS 


69 




MOV 


AL,[BX] 


,GET CHARACTER 


70 




MOV 


[BX],AL 


,ECHO TO TERMINAL 


71 




MOV 


BX,SIO ACS 


,CHANNEL A C/S ADDRESS 


72 




MOV 


BYTE PTR [BX],38H 


;SOFTWARE RETURN 


73 








FROM INTERRUPT 


74 




IRET 




;RETURN TO INTERRUPTED PROGRAM 


75 J 


nO__ISR 


ENDP 






76 










77 


[ END OF 


INTERRUPT 


SERVICE ROUTINE, CHARACTER RECEIVED 


78 
79 
80 ( 


FROM TERMINAL IN 


AL REGISTER, 




:ODENAME 




ENDS 




81 




END 
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MOSTBC 



Z80 INTERFACING TECHNIQUES FOR DYNAMIC RAM 



Application Note 



INTRODUCrrJON 

Since the introduction of second generation micro- 
processors, there has been a steady increase in the 
need for larger RAM memory for microcomputer 
systems. This need for larger RAM memory is due In 
part to the availability of higher level languages such 
as PL/M, PL/Z, FORTRAN, BASIC, and COBOL 
Until now, when faced with the need to add memory 
to a microcomputer system, most designers have 
chosen static memories such as the 2102 lKx1 or 
possibly one of the new 4Kx1 static memories. 
However, as most mini or mainframe memory de- 
signers have learned, 16-pin dynamic memories are 
often the best overall choice for reliability, low power, 
performance, and board density. This same philo- 
sophy is true for a microcomputer system. Why 
then have microcomputer designers been reluctant 
to use dynamic memory in their system? The most 
important reason is that second generation micro- 
processors such as the 8080 and 6800 do not provide 
the necessary signals to interface dynamic 
memories easily into a microcomputer system. 

Today, with the Introduction of the Z80, a true third 
generation microprocessor, not only can a micro- 
computer designer increase system throughput by 
the use of more powerful instructions, but he can 
also easily interface either static or dynamic memo- 
ries into the microcomputer system. This application 
note provides specific examples of how to Inter- 
face 16-pin dynamic memories to the Z80. 

OPERATION OF 16-PIN DYNAMIC MEMORIES 

The 16-pln dynamic memory concept, pioneered by 
MOSTEK, uses a unique address multiplexing tech- 
nique which allows memories as large as 16, 384 bits 
X 1 to be packaged in a 16-pin package. For example 
the MK4027 (4,096x1 dynamic MOS RAM) and the 
MK4116 (16,384x1 dynamic MOS RAM) both use 
address multiplexing to load the address bits into 
memory. The MK4027 needs 12 address bits to select 
1 out of 4,096 locations, while the MK4116 requires 
14 bits to select 1 out of 16,384. The Internal memo- 
ries of the MK4027 and MK4116 can be thought of 
as a matrix. The MK4027 matrix can be thought of 
as 64x64, and the MK4116 as 128x128. To select 
a particular location, a row and column address is 
supplied to the memory. For the MK4027, address 
bits A0-A5 are the row address, and bits A5-A11 



are the column addresses. For the MK4116, address 
bits Aq-As are the row address, and A7-A13 are the 
column address. The row and column addresses are 
strobed Into the memory by two negative going 
clocks called Ro w Ad dress Strobe ( RAS) and Column 
Address Strobe (CAS). By the use of RAS and Ca5, 
the address bits are latched into the memory for 
access to the desired memory location. 

Dynamic memories store their data in the form of 
a charge on a small capacitor. In order for the dyna- 
mic memory to retain valid data, this charge must 
be periodically restored. The process by which data 
is restored In a dynamic memory Is known as re- 
freshing. A refresh cycle Is performed on a row of 
data each time a read or write cycle Is performed on 
any bit within the given row. A row consists of 64 
locations for the MK4027 and 128 locations for the 
MK41 16. The refresh period for the MK4027 and the 
MK4116 is 2ms which means that the memory will 
retain a row of data for 2ms without a refresh. 
Therefore, to refresh all rows within 2ms, a refresh 
cycle must be executed every 32ms (2ms-^64) for the 
MK4027, and 1 6/xs (2ms-M 28) for the MK4116. 

To ensure that every row within a given memory is 
refreshed within the specified time, a refresh row 
address counter must be Implemented either In ex- 
ternal hardware or as an internal CPU function as in 
the Z80. (Discussed In more detail under Z80 Refresh 
Control and Timing.) The refresh row address counter 
should be incremented each time that a refresh cycle 
is executed. When a refresh is performed, all RAMs 
in the system should be loaded with the refresh 
row address. For the MK4027 and the MK4116, a 
refresh cycle consists of loading the refresh row 
addre ss on the address lines and then generating a 
RAS for all RAMs In the system. This is known as a 
RAS only refresh. The ro\Ajf that was a ddressed will 
be refreshed in each memory. The RAS only refresh 
prevents a conflict between the outputs of ail the 
RAMs by disabling the output on the MK4116, and 
maintaining the output state from the previous 
memory cycle on the MK4027. 

Z80 TIMING AND MEMORY CONTROL SIGNALS 




The Z80 was designed to make the job of interfacing 
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to dynamic memories easier. One of the reasons the 
Z80 makes dynamic memory interfacing easier is 
because of the number of memory control signals 
that are available to the designer. The Z80 control 
signals associated with memory operations are: 

MEMORY REQUEST (MREQ) - Memory request 
signal indicating that the address bus holds a valid 
memory address for a memory read, memory write, 
or memory refresh cycle. 

READ (RD) - Read signal indicating that the CPU 
wants to read data from memory or an I/O device. 
The addressed I/O device or memory should use this 
signal to gate data onto the CPU data bus. 

WRITE (WR) - Write signal indicating that the CPU 
data bus hold valid data to be stored in the addressed 
memory or I/O device. 



REFRESH (RFSH) - Refresh signal indicates that 
the lower 7 bits of the address bus contain a refresh 
address for dynamic memories and the current MREQ 
signal should be used to generate a refresh cycle for 
all dynamic memories in the system. 

Figures la, lb, and 1c show the timing relationships 
of the control signals, address bus, data bus, and 
system clocks. By using these timing diagrams, 
a set of equations can be derived to show the worst 
case access times needed for dynamic memories with 
the Z80 operating at 2.5MHz. 

The access time needed for the op code fetch cycle 
and the memory read cycle can be computed by 
equations 1 and 2. 

(1) tAGCESSOPCODE=3(tc/2)-toL$(MR)"*S<|)(D) 



where: tj, = Clock period 

*DL$(|\/|R) "^ MREQ delay from falling edge of clock. 

^s$(D) ~ ^^^^ setup time to rising edge of clock 
during op code fetch cycle, 
let: tc = 400ns; tDLi(MR) = 100ns; ts^= 50ns 
^^®"= UCCESS OP CODE = 450ns 

<2) tACCESS MEMORY READ = 4(tc/2) -tDLiiMR) 
-ts$(D) 
where: tc = Clock period 

^DL5(|VIR) ~ MREQ delay from falling edge of clock 
^S?(D) " ^^^^ Setup time to falling edge of clock 

let: Xq = 400ns; tpL (MR) = lOOns; tg (p) 5 = 60ns 
then: t^cCESS MEMORY READ = 640ns 

The access times computed in equations 1 and 2 are 
overall worst case access times required by the CPU. 
The overall access times must include all TTL buffer 
delays and the access time for the memory device. 
For example, a typical dynamic memory design 
would have the following characteristics (see 
Figure 2): 

The example in Figure 2 shows an overall access time 
of 336ns. This would more than satisfy the 450ns 
required for the op code fetch and the 640ns required 
for a memory read. 

CPU MREQ buffer delaV. . 12ns (8T97) 

Memory gating and timing delays 40ns 

Memory device access time .... 250ns (MK4027/4116-4) 

Memory data bus buffer delay 17ns (8T28) 

CPU data bus buffer delay. . . 17ns (8T28 ) 

336ns 



OP CODE FETCH TIMING 
Figure la 
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MEMORY READ TIMING 
Figure 1b 



400ns 



tC 



I^~\ 



T2 



A0-AI5 



MREQ 



100 ns-^ 



\ 



\ 



VALID MEMORY ADDRESS A0-AI5 



\ 



RD 



D0-D7 



-^ tDLl (MR) 



tS« (D) •- 60ns 



-* access memory read • 
640ns 



/ 



"~\f DATA y" 



\ 



X 



MEMORY WRITE TIMING 
Figure 1c 
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Z80 REFRESH CONTROL AND TIMING 

One of the most important features provided by the 
Z80 for interfacing to dynamic memories is the 
execution of a refresh cycle every time an op code 
fetch cycle is performed. By placing the refresh cycle 
in the op code fetch, the Z80 does not have to allo- 
cate time in the form of "wait states" or by 
"stretching" the clock to perform the refresh cycle. 
In other words, the refresh cycle is "totally trans- 
parent" to the CPU and does not decrease the system 
throughput (see Figure la). The refresh cycle is 
transparent to the CPU because, once the op code 
has been fetched from memory during states Tf 
and T2, the memory would normally be idle during 
states T3 and T4. 

Therefore, by placing the refresh in the T3 and T4 
states of the op code fetch, no time is lost for refre- 
shing dynamic memory. The critical timing parameters 
involving the Z80 and dynamic memories during 
the refresh cycle are: t\/\/(MRH) ^^^ %(I\/IRL)- The 
parameter known as tv\/(|\/|RH) refers to the time that 
MR EG is high during the op code fetch between the 
fetch of the op code and the refresh cycle. This time 
is known as "precharge" for dynamic memories and is 
necessary to allow certain internal nodes of the RAM 
to be charged-up for another memory cycle. The 
equation for the minimum tw(MRH) ^'"^^ period is: 

(3) tw(MRH) = tW($ H) + tf -30 
where: tv\/{<E> H) 's clock pulse width high 

tf is clock fall time 
let: tw($H) = 180ns; tf= 10ns 

then: tw(MRH) = 160ns (min) 

A t\/\/(j\/|R|-|) of 160ns is more than adequate to meet 
the worst case precharge times for most dynamic 
RAMs. For example, the MK4027-4 and the 
MK4116-4 require a 120ns precharge.The other 
refresh cycle parameter of importance to d ynamic 
RAMs is tv\/(MRL)' (l^^e time that MREQ 
is low du ring the refresh cycle). This time is important 
because MREQ is used to generate RAS directly. The 
equation for the minimum time period is: 

(4) tvy(MRL)=tc-40 
where: tc is the clock period 
let: tc = 400ns 

^^^^' tw{MRL) = 360ns 

A 360ns tv\/(MRL) exceeds the 250ns min RAS time 
required for the MK4027-4 and the MK4116-4. 

By controlling the refresh internally with the Z80, 
the designer must be aware of one limitation. The 
limitation is that to refresh memory properly, the 
Z80 CPU must be able to execute op codes since the 
refresh cycle occurs during the op code fetch. The 
following conditions cause the execution of op codes 
to be inhibited, and will destroy the contents of 
dynamic memory. 



(1) Prolonged reset > 1ms 

(2) Prolonged wait state operation > 1ms 

(3) Prolonged bus acknowledge (DMA) > 1ms 

(4) $ clock of< 1.216 MHz for 16K RAMs 

<. 608 MHz for 4K RAMs 

The clocks' rate in number 4 is based on the Z80 
continually executing the worst case instruction 
which is an EX (SP), HL that executes in 19 T 
states. Therefore, by operating the Z80 at or above 
these clocks' frequencies, the user Is ensured that the 
dynamic memories in the system will be refreshed 
properly. 

Remember to refresh memory properly, the Z80 
must be able to execute op codes! 



DELAY FOR A TYPICAL MEMORY SYSTEM 
Figure 2 
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SUPPORT CIRCUITS FOR DYNAMIC MEMORY 
INTERFACE 

Two support circuits are necessary to ensure reliable 
operation of dynamic memory with the 280. 

The first of these circuits is an address latch shown in 
Figure 3. The latc h is used to hold addresses A12- 
Ai5 while MREQ is active. This action is necessary 
because the Z80 does not ensure the validity of the 
address bus at the end of the op code fetch (see 
Figure 4). This action does not directly affect dy- 
namic memories because they latch addresses inter- 
nally. The probl em c omes from the address decoder 
which generates RAS. If the address lines w hich dr ive 
the decoder are allowed to change wh ile M REQ is 
low, then a "glitch" can occur on the RAS line or 
lines (if more than one row of RAMs are used) 
which may have the effect of destroying one row of 
data. 

The second support circuit is used to generate a 
power on and short manual reset pulse. Recall from 
the discussion under Z80 Timing and Memory Con- 
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ADDRESS LATCH 
Figure 3 
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RAS TIMING WITH AND WITHOUT ADDRESS LATCH 
Figure 4 



MREQ 



\ 



OP CODE FETCH 



r~\ 



REFRESH ADDRESS, 



/ 



raB 



RAS 



X 



VALID MEMORY ADDRESS 



X 



VALID REFRESH ADDRESS 



r 



\ WITHOUT ADDRESS A / \ 

LATCH i>/ \ / Y 



\WITH 



ADDRESS 

ATCH 



/~A 



V-11 



trol Signals that one of the conditions that will 
cause dynamic memory to be destroyed is a reset 
pulse of duration greater than 1ms. The circuit shown 
In Figure 5a can be used to generate a short reset 
pulse from either a push button or an external 
source. Additionally the manual reset is synchronized 
to the start of an M1 cycle so that the reset will not 
fall during the middle of a memory cycle. Along with 



the manual reset, the circuit will also generate a 
power on reset. 

If it is not necessary that the contents of the dynamic 
memory be preserved, then the reset circuit shown in 
Figure 5b may be used to generate a manual or 
power on reset. 



MANUAL AND POWER-ON RESET CIRCUIT 
Figure 5a 
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MANUAL AND POWER-ON RESET CIRCUIT 
Figure 5b 
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See Tables 1 and 2 for jumper options. 




DESIGN EXAMPLES FOR INTERFACING THE 
Z80 TO DYNAMIC MEMORY 

To illustrate the interface between the Z80 and 
dynamic memory, two design examples are presented. 
Example number 1 is for a 4K/16Kx8 memory and 
the example number 2 is a 16K/64Kx8 memory. 

Design Example Number 1 : 4K/16Kx8 Memory 

This design example describes a 4K/16Kx8 memory 
that is best suited for a small single board Z80 based 
microcomputer system. The memory devices used in 
the example are the MK4027 (4,096x1 MOS Dyna- 
mic RAM) and the MK4116 (16,384x1 MOS Dyna- 
mic RAM). A very important feature of this design 
is the ease in which the memory can be expanded 
from a 4Kx8 to a 16Kx8 memory. This is made 
possible by the use of jumper options which con- 
figure the memory for either the MK4027 or the 
MK4116. See Table 1 and 2 for jumper options. 

Figur& 6 shows the schematic diagram for the 
4K/16Kx8 memory. A timing diagram for the Z80 
control signals and memory control signals is shown 
in Figure 7. The op eratio n of the circuit may be 
described as follows: RAS is generated by NA N Ding 
MR€a with RFSH + ADDRESS DECODE. RFSH 
is generated directly from the Z80 while address 
decode comes from the 74 LSI 38 decoder. Address 
decode indicates that the address on the bus falls 
within the memory boundaries of the memory. 
If an op code fetch or memory read is being executed 
the 81 LS97 output buffer will b e enabled at approxi- 
mately the same time as RAS is generated for the 
memory array. The output buffer is enabled only 



during an op code f etch o r memory read when 
ADDRESS DECODE, MREQ, and RD are all low. 
The switch multiplexer si gnal (M UX) is generated on 
the rising edge of ^ after MREQ has gone low during 
an op code fetch, memory read or memory write. 
After MUX is generated and the address multiplexers 
switch from the row address to column address, 
CAS will be generated. CAS comes from one of the 
outputs of the multiplexer and is delayed by two 
gate delays to ensure that the proper colum n ad dress 
set-up time will be achieved. Once RAS and CAS 
have been generated for the memory array, the 
memory will then access the desired location for a 
read or write operation. 
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DESIGN EXAMPLE NO. 1 MEMORY TIMING 
Figure 7 
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The worst case access time required by the CPU 
for the op code fetch is 450ns (from equation 1); 
therefore, the circuit exceeds the required access time 
by 101ns (worst case). 

The circuit shown in Figure 6 provides excellent 
performance when used as a small on board memory. 
The memory size should be held at eight devices 
because there is not sufficient timing margin to allow 
the interface circuit to drive a larger memory array. 

Design Example Number 2: 16Kx8 Memory 

This design example describes a 16K/64Kx8 memory 
which is best suited for a Z80 based microcomputer 
system where a large amount of RAM is desired. 
The memory devices used in this example are the 
same as for the first example, the MK4027 and the 
MK4116. Again as with the first example, the 
memory may be expanded from a 16l<x8 to a 64Kx8 
by reconfiguring jumpers. See Table 3 and 4 for 
jumper options. 

Figure 8. shows the schematic diagram for the 16K/ 
64K memory. A timing diagram is shown in Figure 9. 
The operation of the circuit can be described as 
follows: RAS is generated by NANDing MREQ with 
ADDRESS DECODE (from the two 74 LSI 38s) + 
RFSH. Only one row of RAMs will receive a RAS 
during an op code fetc h, memory read or memory 
write. However, an RAS will be generated f or 311 ro ws 
within the array during a refresh cycle. MREQ is 
inverted and fed int o a T TL compatible delay line to 
generate MUX and CAS. (This particular approach 
differs from the method used in example number 1 
in that all memory timing is referenced to MREQ, 
whereas the circuit in example number 1 bases its 



memory timing from both MREQ and the clock. 
Both methods offer good results; however, the TTL 
delay line approach offers the best control over the 
memory timing.) MUX is generated 65ns later and is 
used to switch the 74157 multiplexers from the 
row to the column address. The 65ns delay was 
chosen to allow adequate ma rgin for the row address 
hold time tR^H- At 110ns, CAS is generated from 
the delay line and NANDed with RFSH, wh ich 
inhibits a CAS during refresh cycle. After CAS is 
applied to the memory, the desired location is then 
accessed. A worst case access timing analysis for the 
circuit shown in Figure Scan be computed as follows: 
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The required access time from the CPU is 450ns 
(from equation 1). This leaves 103ns of margin for 
additional CPU buffers on the control and address 
lines.This particular circuit offers excellent results for 
an application which requires a large amount of RAM 
memory. As mentioned earlier, the memory timing 
used in this example offers the best control over the 
memory timing and would be ideally suited for an 
application which required direct memory access 
(DMA). 




4K x 8 CONFIGURATION(MK4027) JUMPER 
Table 1 

CONNECT: J13toJ14 Connect: 



ADDRESS 
0000-OFFF 
1000-1 FFF 
2000-2FFF 
3000-3FFF 
4000-4FFF 
5000-5FFF 
6000-6FFF 
7000-7FFF 



CONNECT 

J17toJ25 

J18toJ25 

J19toJ25 

J20toJ25 

J21 to J25 

J22toJ25 

J23 to J25 

J24toJ25 



J2toJ3 
J4 to J6 
J7toJ8 
J9toJ10 
J11 toJ12 



CONNECT: 
ADDRESS 
800d-8FFF 
9000-9FFF 
AOOO-AFFF 
BOOO-BFFF 
COOO-CFFF 
DOOO-DFFF 
EOOO-EFFF 
FOOO-FFFF 



J14toJ15 
CONNECT 
J17toJ25 
J18toJ25 
J19toJ25 
J20toJ25 
J 21 toJ25 
J22toJ25 
J23toJ25 
J24toJ25 



16K x 8 CONFIGURATION (MK4116) JUMPER CONNECTIONS 
Table 2 



CONNECT: 



J1 toJ2 

J4toJ5 

JStoJII 

J10toJ13 

J12toJ16 

J14toJ16 



ADDRESS 

0-3FFF 
4000-7FFF 
8000-BFFF 
COOO-FFFF 



CONNECT 

J17toJ25 
J18toJ25 
J19toJ25 
J20toJ25 
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16K X 8 CONFIGURATION (MK4027) 
Tables 



CONNECT: 


J1 toJ3 
















J5toJ6 
















J7 to J8 
















J9toJ10 
















J11 toJ12 
















J13toJ14 














ADDRESS: 


0-3FFF 


ADDRESS: 


4000-7FFF 


ADDRESS: 


8000-BFFF 


ADDRESS: 


COOO-FFFF 


CONNECT: 


J24 to J25 


CONNECT: 


J16toJ17 


CONNECT: 


J40toJ41 


CONNECT: 


J32 to J33 




J26 to J27 




J18toJ19 




J42 to J43 




J34 to J35 




J28 to J29 




J20toJ21 




J44 to J43 




J36toJ37 




J30toJ31 




J22 to J23 




J46 to J47 




J38 to J39 



64K X 8 C0NFIGURATI0N(MK41 16) 
Table 4 



CONNECT: 



J1 toJ2 

J4 to J5 

JBtoJn 

JlOtoJIS 

Jl2toJ15 

J14toJ15 



ADDRESS: 0-FFFF 

CONNECT: J32toJ33 

J34toJ35 

J36toJ37 

J38 to J39 



SYSTEM PERFORMANCE CHARACTERISTICS 
Table 5 

The system characteristics for the preceeding design 
examples are shown in Table 5. 



EXAMPLE* 


MEMORY CAPACITY 


MEMORY ACCESS 


POWER REQUIREMENTS 


1 


4K/16Kx8 


349ns max. 


+12V@ 0.0250 A max. 
+5V@0.422Amax.* 
-5V @ 0.030 A max. 


2 


16K/64Kx8 


347ns max. 


+12V@0.600Amax. 
+5V @ 0.550 A max. * 
-5V @ 0.030 A max. 



*AII power requirements are max.; operating temperature C 
to 70°C ambient, max +12V current computed with Z80 
executing continuous op code fetch cycles from RAM at 
1.6 iUs intervals. 
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DESIGN EXAMPLE NO. 2 SCHEMATIC DIAGRAM 
Figure 8 
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FOR JUMPER OPTIONS SEE TABLES 3 AND 4 
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DESIGN EXAMPLE NO. 2 MEMORY TIMING 
Figure 9 
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PRINTED CIRCUIT LAYOUT 



One of the most important parts of a dynamic 
memory design is the printed circuit layout. Figure 
10 illustrates a recommended layout for 32 devices. 
A very important factor in the P. C. layout is the 
power distribution. Proper power distribution on 
the Vdd and Vbb supply lines is necessary because 
of the transient current characteristics which dynamic 
memories exhibit. To achieve proper power distri- 
bution, VdD/ Vbb# Vcc si^d ground should be laid 
out in a grid to help minimize the power distribution 
impedance. Along with good power distribution, 
adequate capacltive bypassing for each device in the 
memory array is necessary. In addition to the in- 
dividual by-passing capacitors, it is recommended that 
each supply (Vbb# Vqc and Vdd) be bypassed with 
an electrolytic capacitor 20juF. 

By using good power distribution techniques and 
using the recommended number of bypassing capa- 
citors, the designer can minimize the amount of noise 
in the memory array. Other layout considerations 



are the pjacement of signal lines. Lines such as 
address, chip select, column address strobe, and 
write should be bussed together as rows; then, all 
rows should be bussed together at one end of the 
array. Interconnection between rows should be 
avoided. Row address strobe lines should be bussed 
toge ther as a row, then connected to the appropriate 
RAS driver. TTL drivers for the memory array signals 
should be located as close as possible to the array to 
help minimize signal noise. 



For a large memory array such as the one shown in 
design example number 2, series terminating resistors 
should be used to minimize the amount of negative 
undershoot. Th ese resisto rs shoul d be used on the 
address lines, CAS and WRITE, and have values 
between 20 ^ to a 33 ^ . 

The layout for a 32 device array can be put in a 5" x 
5" area on a two sided printed circuit board. 
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SUGGESTED P. C. LAYOUT FOR MK4027 or MK4116 
Figure 10 
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AMHZ Z80 DYNAMIC MEMORY INTERFACE 
CONSIDERATIONS 

A 4MHz Z80 Is available for the microcomputer de- 
signer who needs higher system throughput. Consid- 
erations which must be faced by the designer when 
interfacing the 4MHz Z80 to dynamic memory are 
the need for memories with faster access times 
and for providing minimum RAM precharge time. 
The access times required for dynamic memory inter- 
faced to a 4MHz ZBO can be computed from equa- 
tions 1 and 2 under ZBO Timing and Memory Control 
Signals. 

Access time for op code fetch for 4MHz Z80, 

let: tc = 250ns; tDLi(MR) " "^^"^' h^ (D) " ^^"^ 

then: t^cCESS OP CODE = 265ns 

Access time for memory read for 4MHz ZBO, 
let: tc = 250ns; tDL^iMR) = 75ns; tsj ^pj = 50ns 
tl^e": ^ACCESS MEMORY READ = 375ns 

The problem of faster access times can be solved by 
using 200ns memories such as the MK4027-3 or 
MK4116-3. Depending on the number of buffer 
delays in the system, the designer may have to use 
1 50ns memories such as the MK4027-2 or MK41 16-2. 
The most critical problem that exists when Inter- 
facing dynamic memory to the 4MHz Z80 is the 
RAM precharge time (trp). This parameter is called 
%(MRH) o" ^^^ ^SO 3nd can be computed by the 
following equation. 

<4) tw(RH) = tw(<l>H)+tf-20ns 
let: t^i^H) = 1 10ns; tf = 5ns 
then: tw(MRH) = 95ns 



A t\/\/(|\/|RH) of 95r)s will not meet the minimum pre- 
charge time of the MK4027-2 or MK4116-2 which is 
100ns. The MK4027-3 and MK4116-3 require a 
120ns precharge. Figure 11 shows a circuit that will 
lengthen the tw(|\/|RH) P^'^e from 95ns to a mini- 
mum of 126ns while only inserting one gate delay 
into the access timing chain. Figure 12 shows the 
timing for the circuit of Figure 11. The operation of 
the circuit in Figure 11 can be explained as follows: 
the D flip flops are held in a reset condition until 
MR EG goes to Its active state. After MR EG goes 
active, on the next positive clock edge, the D input of 
U1 and U 2 will be transferred to the outputs of the 
flip flops. Output GA will go high if Ml was high 
when ^ clocked U1. Output GB will go low on the 
next positive going clock edge, which will cause 
the output of U3 t o go low and force the output of 
U4, which is RAS, high. The flip flops will be reset 
when MR EG goes Inactive. 

The circuit shown In Figure 11 will give a minimum 
of 126ns precharge for dynamic memories, with the 
ZBO operating at 4MHz. The 126ns tw(MRH) 's com- 
puted as follows. 

11 0ns tw($ H) - clock pulse width high (min) 

5ns tp - clock full time (min) 

20ns tDiXj^pj - MREO delay (min) 

-9ns 74874 delay (min) 



126ns t^(|\/|R|-|) modified (min) 



4MHz j80 PRECHARGE EXTENDER FOR DYNAMIC MEMORIES 
Figure 1 1^ 
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TIMING DIAGRAM FOR 4MHz Z80 PRECHARGE EXTENDER 
Figure 12 
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APPENDIX 

MEMORY TEST ROUTINE 

This section is intended to give the microcomputer 
designer a memory diagnostic suitable for testing 
memory systems such as the ones shown in Section 
VI. 

The routine is a modified address storage test with an 
incrementing pattern. A complete test requires 256io 



passes, which will execute In less than 4 minutes 
for a 16Kx8 memory. If an error occurs, the program 
will store the pattern in location '2C'H and the 
address of the error at locations '2D'H and '2E'H. 

The program is set up to test memory starting at loca- 
tion '2F'H up to the end of the block of memory 
defined by the bytes located at 'OC'H and 'OD'H. 
The test may be set up to start at any location by 
modifying locations '03' H - '04'H and '11'H - '12'H 
with the starting address that is desired. 



LOG 



OBJ CODE 



MXRTS LISTING 
STMT SOURCE STATEMENT 



0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 



PAGE 0001 
TRANSLATED FROM DEC 1976 INTERFACE MAGAZINE 



THIS IS A MODIFIED ADDRESS STORAGE TEST WITH AN 
INCREMENTING PATTERN 

256 PASSES MUST 3E EXECUTED BEFORE THE MEMORY IS 
COMPLETELY TESTED. 

IF AN ERROR OCCURS, THE PATTERN WILL BE STORED 
AT LOCATION •002C'H AND THE ADDRESS OF THE 
ERROR LOCATION WILL BE STORED AT •002D*H AND 
•002E*H. 
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MEMORY TEST ROUTINE (Cont'd.) 



0000 
POOO 

0002 
0005 
0006 
0007 
0008 
0009 
OOOA 
OOOB 
OOOD 

0010 
0013 
0014 
0015 
0016 
0017 
001A 
001B 
001C 
001E 
0021 



0600 

212F00 

7D 

AC 

A8 

77 

23 

7C 

FE10 

C20500 

212F00 

7D 

AC 

AS 

BE 

C22500 

23 

7C 

FE10 

C21300 

04 



0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
00 47 
0048 
0049 
0050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0058 



THE CONTENTS OF LOCATIONS 'OOOCH AND 'OOID'H 
SHOULD BE SELECTED ACCORDING TO THE FOLLOWING 
MEMORY SIZE TO BE TESTED 



TOP OF MEMORY TO 
BE TESTED 

4K 

8K 
16K 
32 K 

48K 
64K 



VALUE OF EPAGE 

•10VH 
•20*H 
•40'H 
•80'H 
•CO'H 
•FF'H 



THE PROGRAM IS SET UP TO START TESTING AT 
LOCATION •002F'H. THE STARTING ADDRESS FOR THE 
TEST CAN BE MODIFIED BY CHANGING LOCATIONS 
•0003-0004'H AND ' 001 1-001 2 * K. 

TEST TIME FOR A 16K X 8 MEMORY IS APPROX. 4 MIN 



ORG OOOOH 
LD 3,0 
jLOAD UP MEMORY 



LOOP: 
FILL: 



LD 

LD 

XOR 

XOR 

LD- 

INC 

LD 

CP 

JP 



HL, START 

A/L 

H 

B 

(HL)/A 

HL 

A,H 

EPAGE 

NZ,FILL 



;READ AND CHECK TEST DATE 



TEST: 



LD 

LD 

XOR 

XOR 

CP 

JP 

INC 

LD 

CP 

JP 

INC 



HL, START 

A,L 

H 

B 

(HL) 

NZ,FXIT 

HL 

A,H 

EPAGE 

NZ,TEST 

B 



CLEAR B PATRN MODIFIER 

GET STARTING ADDE 
LOW BYTE TO ACCM 
XOR WITH HIGH BYTE 
XOR WITH PATTERN 
STORE IN ADDR 
INCREMENT ADDR 
LOAD HIGH BYTE OF ADDR 
COMPARE WITH STOP ADDR 
NOT DONE, GO BACK 

GET STARTING ADDR 

LOAD LOW BYTE 

XOR WITH HIGH BYTE 

XOR WITH MODIFIER 

COMPARE WITH MEMORY LOC 

ERROR EXIT 

UPDATE MEMORY ADDRESS 

LOAD HIGH BYTE 

COMPARE WITH STOP ADDR 

LOOP BACK 

UPDATE MODIFIER 











MXRTS 


LISTING 


LOC 


OBJ CODE 


STMT 


SOURCE 


STATEMENT 


0022 


C30200 


0059 




JP 


LOOP 






0060 


;ERROR 


EXIT 




0025 


222D00 


0061 


EXIT: 


LD 


(BYTE),HL 


0028 


322C00 


0062 




LD 


(PATRN), A 


002B 


76 


0063 




HALT 




002C 




0064 


PATRN: 


DEFS 


1 


002D 




0065 


BYTE: 


DEFS 


2 


002F 


2F00 


0066 


START: 


DEFW 


$ 






OOo'S 


EPAGE: 


EQU 


10H 






0069 




END 





PAGE 0002 



?RST WITH NEW MODIFIER 

;SAVE ERROR ADDRESS 
;SAVE BAD PATTERN 
;FLAG OPERATOR 



;SET UP FOR 4K TEST 
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MQSTEK 

APPLYING THE Z80 SIO IN ASYNCHRONOUS 



DATA COMMUNICATIONS 



Application Note 



Serial asynchronous data links, probably the most prevalent 
mode of data communications in existence today, require 
versatile, easy to interface communications devices. The 
Z80 SIO is just such a device. Although it is just as equally 
suited in virtually all serial protocol environments, no 
compromises were made in asynchronous applications. 
The Z80 SIO operating features include: 

□ Data communications' rates of up to BOOK bits/s 
n Three FIFO receive data buffers per channel 

□ Full duplex operation 

D Break generation and detection 

□ Parity, overrun, and framing error detection 

□ Polled or interrupt driven 

The most salient of the SIO's many features is its capability 
to operate using prioritized vector interrupts, offering 
unparalleled speed and efficiency in maximizing data 
throughput. Although the SIO can be operated in polled as 
well as interrupt modes, the latter will be emphasized in the 
following discussion owing to its inherent power and 
versatility. 

In order to understand the use of the SIO in serial data 
communications better, a look at the internal organization 
of the chip would be helpful. Figure 1 depicts the functional 
logic of one of the SIO channels. As shown, there are a total 
of 11 registers accessible by the programmer. "Write 
Registers" (WR0-WR7), as they are referred to, are used to 
configure the SIO to the desired type of protocol and include 
such information as data rates, parity information, word 
length, etc. In addition, three "Read Registers" (RR0-RR2) 
are provided for monitoring data flow and error conditions. 
For a detailed description of these registers, as well as the 
entire MK3BB4, reference should be made to the MK3BB4 
ZBO SIO Technical Manual. In the receiver section, notice 
that data flows from the receive shift register to the three 
receive buffers. 



corresponding error buffer, enabling the programmer to poll 
the various Read Registers and ascertain error conditions 
corresponding to the data. This concept is illustrated in 
Figure 2. Receive Buffer 3 contains data, has no associated 
errors, and will be read next by the CPU, as it is at the top of 
the stack. Receive Buffer 2 has a parity error associated with 
its data word, indicated by the "1 " in the parity column. 
Similarly, Receive Buffer 1 has an associated overrun error 
condition, indicating that it has been overwritten at least 
once. This type of FIFO arrangement allows the 
programmer three full receive word-times to read the SIO 
before losing any data, which is extremely advantageous 
when the programmer must perform numerous house- 
keeping functions. The SIO is also capable of full duplex 
operation, illustrated in Figure 2 by separate data paths for 
the transmitter and receiver. Notice the separate transmit 
and receive c lock in puts for situations requiring different 
clock rates. A SYNC input is provided as a general purpose 
input in asynchronous communications, and is used to 
establish synchronization in monosync and bisync 
communications. Finally, all standard mod em contro l 
signals a re pr esent for handshaking including DCD, DTR, 
CTS, andRTS. 

The SIO interfaces easily with the ZBO CPU, and generally 
requires little, if any modification of control signals when 
used with other CPU's. Figures 3 A and 3B show the typical 
interconnections and addressing techniques between the 
SIO and CPU. Note that the C/S" (control data) and B/A 
(Channel B/A) pins may be connected to AO and A1 of the 
address bus, respectively. Figure 3B further illustrates SIO 
addressing, where even numbered addresses decode the 
channel (A or B) and define a data operation. Conversely, 
odd numbered addresses define a control operation to the 
addressed port. 

There are also two clock considerations that deserve 
attention. 1 ) The SIO is a synchronous device, whose clock 
(^) must be identical to that of the CPU clock. 2) Although 
the SIO is capable of high data rates, care should betaken to 
ensure that the system clock ($) is at least 5 times the data 
rate, as specified in the data book. 

THE ASYNCHRONOUS MODEL 




These registers are configured in a first in, first out (FIFO) 
arrangement, thus providing the data link with additional 
overrun protection. Associated with each receive buffer is a 



In discussing the use of the ZBO SIO in Async 
communications, the illustration in Figure 4 depicts the 
method in which the SIO receiver logic assembles, and 
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transmitter logic sends, serial data asynchronously. The selectable stop bits (1 , 1 Vi or 2). Note that the data word is 
data stream consists of one start bit, a variable length data sent low order bit first and must be right justified if less than 
word (selectable 5-8 bits), an optional parity bit, and 8 data bits are contained in the data field. 



FUNCTIONAL LOGIC OF AN SIO CHANNEL 
Figure 1 
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SIO RECEIVE FIFO DATA/ERROR BUFFERS 
Figure 2 
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Z80 CIO - CPU INTERCONNECTIONS 
Figure 3A 
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Z80 SIO-CPU INTERCONNECTIONS 


Figure 3B 
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ASYNCHRONOUS FORMAT 
Figure 4 
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ASYNCHRONOUS PROGRAMMING 

The design of a serial data communications link utilizing the 
SID will comprise three basic software modules: 

• Initialization 

• Data transfer 

• Error detection and recovery 

The program flow for initialization is illustrated by the flow 
diagram in Figure 5. This procedure consists of writing a 
string of control bytes to the SIO using the pointer register, 
WRO. Each control byte is preceded by the pointer register 
byte, which tells the SIO which of 8 write registers is to be 
addressed. Initialization is executed in this alternating 
pointer register/control-data fashion until the SIO is 
configured as desired, as shown in Table 1 . 

Although SIO initialization is not necessarily order 
dependent, the logical order as depicted in Figure 5 and 
Table 1 is highly recommended. 

Also, a word of caution concerning the use of WRO is 
appropriate at this time. As WRO has a dual function - that of 
a pointer to other control registers and commands (i.e., reset 
channel, error reset, etc.) to the SIO - it is possible to perform 
both of these functions simultaneously. This is not 
recomended because following each command, the 
internal register pointer resets to zero, thus preventing the 
ensuing control word from loading properly. Each command 
issued should address WRO, as pointed out in the example. 



Data transfer and error handling methods are presented in 
their simplest form in Table 1 . The first eight bytes of code 
initialize the SIO, which consists of initializing the CPU 
internal registers B, C, and HL with the table length, port 
address, and table address, respectively. Notice how 
efficiently the use of the OTIR instruction transfers the 
entire block of data to the SIO. Although channel A is the 
active channel being used in this example, channel B must 
also be accessed, as shown. This is because the WR2 and 
the status affects vector bit are active in channel B only. 

Another instruction of interest is the "El" instruction, both 
because of its existence and placement. Whenever the CPU 
acknowledges an interrupt, interrupts within the CPU are 
disabled and remain so until an "El" instruction is executed. 
Hence, the placement of "El" in the program example forms 
a non-nested interrupt structure. Conversely, placing "El" 
at the beginning of a subroutine would constitute nested 
Interrupts, as other devices could now cause interrupts. 

The interrupts themselves may be initiated by the SIO in 
many different ways. The transmitter and receiver 
interrupts are initiated when the transmit buffer empty and 
receiver character available bits are set. In the case of 



receive errors, interrupt requests are made (if programmed 
to do so) when any of several special error conditions exist. 
As shown in the program initialization (Table 1 ), the special 
effects vector is enabled, allowing the SIO to modify the 
returned vector, indicating either a) transmit buffer full, b) 
receive-character available, c) External/Status change, or 
d) special receive conditions. This powerful feature further 
reduces programming overhead and thus allows greater 
efficiency and data throughput. Also at the programmers 
discretion Is the ability to initiate data transfer automatically 
by monitoring the modem control signals. This is effected by 
the SIO detecting DCDand CTS in an active state which, in 
turn, enables the receiver and transmitter, respectively. 
Also, if External interrupts are enabled as they ar e in t he 
example, interrupts are generated upon transition of DCD or 
CTS. This feature is useful in initiating line turn-around and 
detecting break conditions. Once External/Status Inter- 
rupts have been acknowledged, they must be reset by 
writing to register of the appropriate channel. Note also in 
the initialization procedure that immediately following a 
chip or channel reset, the "Reset External/Status 
Interrupts" command should be executed to prevent 
possible spurious Interrupts. 

Should the programmer choose not to operate in an 
interrupt mode, all of the aforementioned conditions would 
have to be polled by reading the appropriate read register 
(RR0-RR2). When operating in this mode, the proper 
sequence of checking the SIO for receive characters would 
be: 

1 . Read RRO; determine if a character is available. 

2. If so, interrogate RR1 to ascertain error status. 

3. Read the DATA. 

The status of errors should be checked before reading the 
data to preserve the proper error to data word 
correspondence. An example of reading the Read Registers 
is given in Table 1 under Error Handler. As illustrated, RR1 is 
accessed by first performing a "write" to WRO which points 
to register 1, and then by performing a "READ" operation. 
Once the status byte is in the accumulator, each of the 
pertinent error bits are interrogated using the "bit" 
instruction. Associated with each type of error is its error 
routine which takes the appropriate recovery action. When 
i nterrupts are used, as in this example, care should be taken 
within each Error Routine to perform an Error Reset 
command, thus allowing future error interrupts to occur. 

The preceding example should equip the user with a 
"guide" for programming the SIO, not only in asynchronous 
communications, but synchronous and SDLC/HDLC as 
well. Of course, the latter protocols deserve special 
attention, and are covered in detail in the MK3884 
Technical Manual. As demonstrated, the SIO, when taken 
advantage of, can be an extremely powerful device in any 
data communications' link. 
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LOGICAL FLOW OF SIO INITIALIZATIOIM 
Figure 5 
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TYPICAL PROGRAM EXAMPLE 
Table 1 



TRANSMIT DATA HANDLER 



LABEL SOURCE STATEMENT COMMENTS 



LABEL SOURCE STATEMENT COMMENTS 



UNIT 



LD B, LENG B 

LD C, SIOCTL +2 

LDHUCTLTB 

OTIR 

LD B, LENG A 

LD C, SIOCTL 

LD HL, CTLTA 

OTIR 



; LENGTH of Table, CHB 
; Port Address, CH B 
; TABLE Address, CH B 
; Initialized CH B 
; Length of Table, CH A 
; Port Address, CH A 
; Table Address, CH A 
; Initialize CH A 



XMTINT EXAF,AF' 

LDA,{TBUF) 

OUT {SIODAT),A 

EXAF,AF' 

El 

RETI 

RECEIVE DATA HANDLER 



; Save Registers 
; Load Character 
; Ship it Out 
; Restore Registers 
; Re-enable Interrupts 



CTRLTA DEFB'18'H 
DEFB'10'H 

DEFB 'WH 
DEFB '40' H 

DEFB '03' H 
DEFB'er H 

DEFB '05' H 
DEFB 'AA' H 

DEFB '10' H 

DEFB '01 'H 
DEFB '17' H 



CTLTB 



DEFB '18' H 
DEFB '10' H 

DEFB '02' H 
DEFB '00' H 
DEFB '01 'H 
DEFB '14' H 



; WRO, RESET CH A 

; WRO, Reset External/Status 

Interrupts 
; Pointer to WR4 
; X16 CLK, ODD Parity, 2 stop 

bits 
; Pointer to WR3 
; 7 bits/char, receive and 

auto enable 
; Pointer to WR5 
; Set RTS, DTR; 7 bits/char., 

enable Xmit 
; WRO; reset EXT/STATUS 

INT 
; Pointer to WR1 
; Enable external and 

transmit interrupts, 

status affects vector, 

interrupt on all RCV 

characters. 

; WRO, Reset CH B 

; WRO, Reset External/Status 

Interrupts 
; Pointer to WR2 
; Load Interrupt Vector 
; Pointer to WR1 
; Status affects vector 



RCVINT EXAF,AF' 

IN A,{SIODAT) 
LD (RBUF),A 
EX AF,AF' 
El 
RETI 

ERROR HANDLER 



; Save Registers 
; Read Character 
; Save In Memory 
; Restore Registers 



INTERR 



EX AF,AF' 
LD A, '01 ' H 
OUT {SIOCTL),A 
IN A,(SIODAT) 
BIT 6,A 
JR Z, FMER 
BIT 5,A 
JR Z,ORER 
JPPAER 
EX AF,AF' 
El 
RETI 



Save Registers 
Set Pointer to 
Reg. 1 



Framing Error 

Overrun Error 
Parity Error 
Restore Registers 
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USING THE MK3807 VCU IN A MICROPROCESSOR ENVIRONMENT 



Application Note 



INTRODUCTION 



PROGRAM REGISTERS 



MK3807, the programmable CRT Video Control Unit (VCU), 
is a user programmable 40-pin n-channel MOS/LSI chip 
containing the logic functions required to generate all the 
timing signals for the formatting and presentation of 
interlaced or non-interlaced video data on a standard or 
non-standard CRT monitor. 

In all the formatting, such as horizontal, vertical, and 
composite sync, characters per data row and per frame are 
totally user programmable. The data row counter has been 
designed to facilitate scrolling. 

Programming is accomplished by loading seven 8 bit control 
registers directly off an 8 bit bidirectional data bus. Four 
register address lines and a chip enable line provide 
complete microprocessor compatibility for program con- 
trolled set up. The device can also be "self loaded" via an 
external PROM tied on the data bus. (See Figure 1 ). 

In addition to the seven control registers, two additional 
registers are provided to store the cursor character and row 
addresses for generation of the cursor video signal. The 
contents of these two registers can be read out onto the bus 
for update by the program or used by the microprocessor as 
two memory locations. (See Figure 2). 



The VCU contains 9 working registers (7 control registers 
and 2 data location registers). 

SELF LOADING SCHEME 
FOR VCU SET-UP 
Figure 1 
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REGISTER 

This 8 bit register contains the number of character times 
for 1 horizontal period of the TV raster scan. For example, 
using American Standard Television (63.5 jjs per line) at a 
character time of 500 ns, the value for this register would 
be 63.5 divided by .5 = 127. The number in this register is 
normally 1.25 times the number of characters per line 
displayed on this screen. The value loaded into this register 
is the binary equivalent of 126 (127-1). Since character 
times are counted from zero instead of one, the value loaded 
into this register is one less than the actual number of 
character times. (Refer to Figure 3 for timing diagrams). 

REGISTER 1 

This register contains 3 fields of information. The most 
significant bit (7) is the interlace bit. If this bit is set to a 1 , 
Interlace mode is indicated; if set to a 0, Non-lnterlace mode 
is indicated. The next 4 bits (6-3) define the number of 
character times for the width of the horizontal sync pulse. 
For example, using American Standard Television (4.5 /xs) 
and a character time of 500 ns indicates that it would 
require 9 character times; therefore the binary equivalent 9 
would be loaded in these bits. The least significant 3 bits 
(2-0) are used to specify the horizontal sync delay. This is 
commonly called the Front Porch and Is the period between 
the end of active video to the beginning of the horizontal 
sync pulse. The value here Is not critical and can be used to 
position the video horizontally on the screen. 

REGISTER 2 

This register contains both the number of characters to be 
displayed per line as well as the number of scans per 
character. Bit 7 is not used (B7 = X). Bits 6 through 3 define 
the number of scans per character. For example, using a 7 X 
9 dot matrix character generator, the normal number of 
scans might be 1 2. Therefore, using 1 2 scans per character, 
the binary equivalent of eleven (1 2-1 ) is Inserted into this 
field. The least significant 3 bits (2-0) contain a 3 bit code 



which defines the number of characters per line. The VCU is 
pre-programmed for 20, 32, 40, 64, 72, 80, 96, and 1 32 
characters per line. The 3 bit binary number used in this 
field determines the particular format, for example, 80 
characters being the 6th value would becoded asa binaryB 
(101). 

CHARACTERS/DATA ROW 

DB2 DB1 DBO 












= 20 








1 


= 32 





1 





= 40 





1 


1 


= 64 


1 








= 72 


1 





1 


= 80 


1 


1 





= 96 


1 


1 


1 


= 132 


REGISTER 3 







This register contains both the propagation delay 
compensation field (skew bits) as well as the data row fields. 
Bits 7 and 6 are used to adjust the blanking, cursor position 
and sync delay so as to compensate for either 0, 1 or 2 
character time propagation delays of the character 
generator and the frame buffer RAM. 



SKEW BITS 






Sync/Blank Delay Cursor Delay 


DB7 DB6 


(Character Times) 








1 


1 


1 


2 1 


1 1 


2 2 



The 6 least significant bits (5-0) define the number of 
data rows to be displayed on the screen. The number of 
rows begins at 000000 (single row) and continues to 
111111 (64 rows). 
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This 8 bit register defines the number of raster lines in the 
field (frame). Care should be taken when programming this 
register to make sure that the product of the scans per data 
row times the number of data rows is less than the number 
of raster scans. There are 2 methods of programming this 
register. In the interlaced mode, subtract 513 from the 
number of raster lines desired and divide by 2. For example, 
for 525 scans, the register should contain the number 6. In 
the non-interlaced mode, subtract the number 256 from the 
desired number of raster lines and divide by 2. For example, 
for 262 raster lines, the value is 3. 

REGISTERS 

This register defines the number of raster lines between the 
beginning of the vertical sync pulse and the start of the first 
data row being displayed. Typically, values of 20 or 21 lines 
are used. Higher values can be used to position data lower 
on the screen to a maximum 255. This is called Vertical 
Data Start and is the sum of Vertical Sync and Vertical Scan 
Delay. 

REGISTER 6 

The least significant 6 bits (5-0) of this register define the 
last data row to be displayed on the screen. Bits 7 and 6 are 
not used. This feature is useful for both scrolling and 
positioning of data. For example, if the display were set for 24 
data rows, normally row would be on top of the screen and 
row 23 would be at the bottom. If the scroll register (register 
6) contained the number 1 5, then row 1 5 would be at the 
bottom and row 1 6 would be at the top of the screen. Row 
23 and row would be contiguous in the middle of the 
screen. 

REGISTER? 

This 8 bit register contains the character number at which 
the cursor is to be addressed. For example, if the last 
character of an 80 character per line display were to be 
cursored, the binary equivalent of 79 would be in this 
register. 



The least significant 6 bits (5-0) of this register define the 
data row for the cursor, similar to Register 7. 

BASIC DISPLAY CONFIGURATION 

Figure 4 shows the basic configuration for a Bus Oriented, 
microprocessor based, CRT display system utilizing 
Mostek's MK3807, the Programmable CRT Video Control 
Unit(VCU). Either a standard or a non-standard CRT monitor 
may be used. The user programmable VCU provides 
Horizontal Sync, Vertical Sync, and Composite Sync with 
serrations, to the monitor's sync deflection circuitry. (Figure 
5 shows the composite sync timing). A serial output 
character generator provides video dot clock frequency data 
to the Z axis video input of the monitor. 

In addition to the VCU, character generator, and shift 
register, the display system requires a crystal oscillator and 
a dot counter, typically consisting of two gates of a 7404 and 
a crystal as well as a 741 60 (or equivalent) dot counter. The 
dot counter divisor(N) is set for the number of horizontal bits 
in the character plus the number of dots desired for spacing 
(i.e., for a 7 bit wide character + 2 dots of spacing N = 9). The 
carry output of the dot counter pulses once per character 
(character clock) and is fed into the MK3807 DCC (pin 1 2) 
input. This enables the VCU to keep track of the character 
positions as well as generate the entire video timing chain. 
At the same time the output of the oscillator is fed into the 
video dot clock input of the shift register of the Video Signal 
Generator. 

An 8 bit bidirectional Data Bus (DB0-DB7), a 4 bit Address 
Bus (A0-A3), a Chip Enable, and a Data Strobe are used in 
programming the VCU. These buses connect to the 
microprocessor Data Bus and Address Bus. The VCU 
appears to the microprocessor as 16 memory or I/O 
locations. Page logic (high order address bit decoder) 
connects the Address Bus to the Chip Enable (CE) thereby 
determining where in the microprocessor memory space 
the VCU will be located. The Data Strobe (DS) signal is 
connected to the microprocessor Control Bus. This signal is 
used to read or write via the Data Bus, as well as to activate 
control functions. 
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The VCU raster scan counter outputs (R0-R3) are connected 
directly to the raster line address inputs of the character 
generator. This 4 bit address indicates which raster line of 
the selected character is to be parallel loaded into the shift 
register. The bit pattern, along with the additional blank 
spaces, is then shifted out of the video output at the video 
dot clock rate. The blanking signal can be connected to 
retrace blanking logic to provide both horizontal and vertical 
blanking of the video signal to the CRT monitor. The 
load/shift signals for character generator logic can be 
derived from the outputs of the dot counter (741 60) or taken 
directly from the character clock (DCC, pin 1 2 of 3807). 

HOW TO USE ROW-COLUMN ADDRESSING 

The VCU outputs the character position via the character 
counter outputs (H0-H7) and the data row counter outputs 
(DR0-DR5). These outputs define the character column and 
row location. They are used to address a character frame 
buffer RAM in which the frame image is stored. Since the 
VCU keeps counting horizontal addresses (H0-H7) during 
both horizontal and vertical blanking, dynamic RAMs may 
be refreshed. 

Many advantages are realized using Row-Column (X-Y) 
Addressing. Among these are: 

Oversize Characters 

Character fonts with heights greater than 1 6 dots (raster 
lines) can be achieved. This is done by using the LSB of the 
row counter (DRO) as the MSB of the raster scan counter 
(R4), and then moving the remaining bits of the row counter 
down one bit (DR1 becomes DRO, etc.). This is achieved by 
connecting the pins of the VCU in a different configuration. 
No additional components are required. This is shown in 
Figure 6. In addition, the VCU must be programmed for 
twice the desired number of data rows; thus using the 
above configuration (Figure 6), 32 rows of data with up to 32 
lines per character (or 1 6 rows of data with up to 64 lines 
per character) can be accomplished. 

USING THE VCU WITH CHARACTER FONTS OF 
HEIGHTS GREATER THAN 16 DOTS (LINES) 
Figures 
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Page Scrolling 

Scrolling a smaller page through a larger page (1 K in 4K) 
can be done on a row by row basis. If the DR0-DR5 lines are 
offset by a pointer register, the smaller page can be moved 
up or down Inside the larger page by the offset number of 
rows. This is shown in Figure 7. In this example, if the 
pointer register contains zero, the VCU will address the first 
1 2 lines of the 32 line page. When the pointer register 
contains ten, the VCU will address rows 1 to 21 . Thus, by 
loading the pointer register (from the microprocessor data 
bus), the display can scroll row by row through the data 
base. 

Software Addressing 

Most programmers use X — Y (row-column) addressing 
when writing software for CRT terminals. This makes it 
easier to blank the bottom line when scrolling, changing 
cursor positions, etc. Therefore, by having row-column 
addressing in the VCU, the address bus of the 
microprocessor can also have the preferred row-column 
addressing, and the two buses can be mapped together as 
shown in Figure 8. Without this feature, a software 
algorithm would have to convert a row-column address to 
binary address every time the microprocessor wanted to 
access the frame buffer. This algorithm usually requires a 
1 6 bit multiplication. Thus the VCU, by utilizing row-column 
addressing, can save significant overhead and program 
execution time. . ■ 

SCROLLING A 12 ROW PAGE THRU A 32 ROW PAGE 
Figure 7 
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MEMORY MULTIPLEXING 

The character column and character row outputs combine 
to form the character address bus. This bus, along with the 
microprocessoraddressbus;isconnectedtoa2X 1 selector 
which addresses the character frame buffer RAM. Figure 8 
shows the selector and the mapping for the various formats 
of the standard VCU. Numerous methods are available to 
build 2 X 1 selectors. One low-cost technique uses three 

ADDRESS BUS MAPPING 
Figured 
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741 57 or equivalent (74LS1 57 or 257, 9322, etc.) quad 2 X 
1 selector chips. Figure 8 tabulates the mapping on to the 
microprocessor address bus into the selector with the DR 
and H lines of the VCU. The output of the selector (Z), is 
decomposed into two fields, row (Y) and column or 
character (X). Refer to Table 1 . 

Memory Addressing 

When the number of characters per row is non-binary, i.e. 80, 
addressing the frame buffer RAM is wasteful of memory. To 
solve this problem and still retain the advantages of row- 
column addressing, an address mapping is performed. The 
output of the selector (Z) is connected to another 74157 
quad 2 X 1 selector chip or equivalent. Figures 6A, B, and C 
show the connection for 1 2 rows (1 K), 24 rows (2K), and 48 
rows (4K) of 80 characters. Figure 5 shows the mapping 
technique. The first 64 characters are mapped directly and 
the next 1 6 characters(H6 = 1 ) are hnapped in a higher part 
of the RAM. The microprocessor address{row and column), 
is overlaid onto the VCU address bus (row and column) via 
the selector. The output of the selector maps into the frame 
buffer. Thus, every character is addressed by its row and 
column from both the microprocessor and the VCU. The 
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MEMORY MAPPING CIRCUITS FOR 72 
OR 80 CHARACTERS/LINE 
Figure 9 
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same memory location will be accessed whether the 
identical address originates from the microprocessor or 
VCU address bus. 

OPERATION 

The character frame buffer RAM is initially loaded via the 
microprocessor data and address buses (see Figure 1 ). After 
the microprocessor has loaded the character frame buffer 
RAM with a complete page, the selector flip-flop is switched 
(via the microprocessor control bus) so that the RAM is 
addressed by the character address bus of the VCU. In this 
mode the VCU operates independent of the microprocessor 
by addressing the character frame buffer RAM which sends 
the ASCII data to the CRT character generator. The selected 
character is then further decomposed by the raster scan 
counter (R0-R3), from the VCU, and loaded into the 
character generator shift register. This bit pattern is then 
serially shifted out at the video dot clock frequency and the 
data can be encoded so as to compose the video signal. 

One possible way to change the data in the frame buffer 
(which is in microprocessor address space but physically 
separate) is: whenever the data in the character frame 
buffer is to be changed or updated, the microprocessor (via 
the control bus) sets an external flip-flop. The output of this 
flip-flop is ANDed with the vertical sync signal from the 
VCU. When this occurs an interrupt is generated to the 
microprocessor. This alerts the microprocessor to the fact 
that the vertical blanking interval has begun; it then 
switches the address selector (via control bus) so that the 
character frame buffer is now addressed by the micro- 
processor instead of the VCU. Since the system is in the 
vertical blanking interval, the screen is blank at this time. 
Using the American standard of 63.5 jus. per horizontal line 
and a typical value of 21 horizontal lines for the blanking 
interval gives the system 1.33 ms. in which the 
microprocessor can change data in the character frame 
buffer. If this time is not sufficient, the 1 .33 ms. window will 
appear every 1/60 of a second, allowing the micro- 
processor to change part of the RAM data each time. 

After the microprocessor has completed Its updating of the 
character frame buffer RAM, it resets the external flip-flop 
(via the control bus) and switches the selector back to the 
character address bus of the VCU. Then the microprocessor 
goes about its normal system operation without being 
interrupted or having its throughput slowed down. This is 
because the VCU refreshes the CRT independently with the 
character frame buffer RAM, supplying the data, while the 
microprocessor operates at full speed with its own RAM 
and ROM. This method is more efficient for microprocessor 
throughput and control as opposed to having to DMA (cycle 
steal) or interrupt the processor continually, thereby 
reducing its throughput. 

SYNC-LOCK 

Some applications require adding alphanumeric characters 
(text) or graphics to the same screen as closed circuit or 



external (off-the-air) video. Figure 11 illustrates a simple 
technique of externally synchronizing the VCU using 2 
chips (7474 and 7402 or equivalent). The external video can 
come from a closed circuit television system, off-the-air 
television, or some other video display system. The 
technique involves stopping the character clock (DCC) when 
the VCU sync occurs and restarting it when the external 
sync occurs. In this way, the VCU will be synchronized to the 
external video. One requirement for the reliable operation of 
this system is that the VCU horizontal and vertical sync rates 
must be programmed to be slightly faster than the external 
sync rate(i.e., the horizontal line counter register of the VCU 
must be programmed to be less than 63.5 ms., which is the 
American TV horizontal rate). 

HOW TO PROGRAM THE MK3807 VCU 

In order to pick the correct video dot clock frequency and to 
program the registers In the VCU, it is first necessary to 
determine several key parameters. Among these param- 
eters are: the vertical refresh rate; the number of horizontal 
raster lines per frame; the number of characters per line, 
and the format of the characters. 

Tables 2A, B list work sheets vvhich give the designer an 

ADDRESS COMPRESSION SCHEME 
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Figure 1 
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orderly method of determining the frequencies and register 
contents from the above parameters, in order to 
demonstrate its use, typical examples will be shown. 

EXAMPLE FOR 80 CHARACTERS BY 24 ROWS 

A 7 X 9 character matrix is chosen as it is the most popular 
for the display of both upper and lower case characters. 
Also, a non-interlaced system is chosen. The character 
block of 9 X 1 2 allows for a 2 dot space between characters 
and a 3 line space between data rows. The impact of the 
character block size on the horizontal frequency and the 
video clock rate will be shown below, A frame refresh rate of 
60Hz is chosen for this example. These numbers can be 
modified for 50Hz systems. 

This system will have 24 rows of data and 80 characters per 
data row. Thus, there are (24 X 1 2) 288 active scan lines. 

The monitor chosen for this example Is capable of accepting 
a composite video signal or separate TTL horizontal and 
vertical sync pulses. The sum of the horizontal sync delay 
(front porch), horizontal sync pulse, and horizontal scan 
delay (back porch) is the horizontal blanking interval. This 
interval is required as a window in the horizontal scan 
period to allow retrace. The retrace time is internal to the 
CRT monitor; this time is a function of monitor horizontal 
scan components. This time, at a minimum, is the time It 
takes the display to return from the right to the left hand side 
of the display. The retrace time is less than the horizontal 
blanking interval. The horizontal blanking interval is 
normally about 20% of the total horizontal scanning period. 
See Figure 1 2 for horizontal and vertical timing, and Figure 
1 3 for derived register bit assignments. 

In an 80 character per data row system, this would give 20 
character times for the sum of the Front Porch, Horizontal 
Sync Pulse, and Back Porch. In the example of table 2C, a 



sum of 22 character time is used to illustrate that some 
flexibility exists In the choice of these parameters. 

The vertical scanning frequency can be obtained by 
counting the total number of horizontal lines. The total 
number of scan lines generated for a vertical field equals the 
number of data rows times the number of lines per 
character, plus the vertical sync delay, plus the vertical sync 
pulse, plus the vertical scan delay. 

Vertical sync delay Is the number of scan lines delay before 
vertical sync. Vertical sync pulse width should be expressed 
in scan line units. The VCU is fixed at the standard vertical 
sync width of 3 horizontal scan lines (3H). Scan line delay is 
the delay between vertical sync and the display information 
in scan line units. The sum of the vertical sync and the 2 
delays in the vertical blanking interval is normally 5% to 8% 
of the total number of scan lines. 

The vertical period (for 60Hz vertical refresh rate) can be 
calculated as: 1 divided by 60Hz = 16.67 ms. 

Thus, the vertical blanking period (at 8%) equals 1 .3 ms. In 
the example of table 2C, the sum of the "Front Porch, 
Vertical Sync Pulse, and Back Porch" is 22 scan lines long. 
Again, some flexibility exists in the choice of these 
parameters. 

Adding the displayed lines (24 X 1 2 = 288) plus the vertical 
blanking interval (0 + 3 + 19 = 22), 310 horizontal scan lines 
are required. These 310 lines must be repeated 60 times a 
second (every 1 6.67 ms.). Thus 1 8,6(X) horizontal scan lines 
per second is the horizontal frequency. It can now be seen 
that any further increase in the number of scan lines per 
data character block will cause a direct increase in the 
horizontal frequency, possibly to a point beyond the 
monitor's specification. 
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MK3807 VCU WORK SHEET 
Table 2A 

1. H CHARACTER MATRIX (No. of Dots): 

2. V CHARACTER MATRIX (No. of Horiz. Scan Lines): 

3. H CHARACTER BLOCK (Step 1 + Desired Horiz. Spacing = No. in Dots): . . . 

4. V CHARACTER BLOCK (Step 2 + Desired Vertical Spacing = No. in Horiz. 
Scan Lines): 

5. VERTICAL FRAME (REFRESH) RATE (Freq. in Hz): 

6. DESIRED NO. OF CHARACTER ROWS: 

7. TOTAL NO. OF ACTIVE "VIDEO DISPLAY" SCAN LINES 

(Step 4 X Step 6 = No. in Horiz. Scan Lines): 

8. VERT SYNC DELAY (No. in Horiz. Scan Lines): 

9. VERT SYNC (No. in Horiz. Scan Lines; T = ms*): 

10. VERT. SCAN DELAY (No. in Horiz. Scan Lines; T = ms*): 

1 1 . TOTAL VERTICAL FRAME (Add steps 7 thru 10 = No. in Horiz. Scan Lines): 

1 2. HORIZONTAL SCAN LINE RATE (Step 5 x step 1 1 = Freq. in KHz): 

1 3. DESIRED NO. OF CHARACTERS PER HORIZ. ROW: 

14. HORIZ. SYNC DELAY (No. in Character Time Units; T = txs**): 

1 5. HORIZ. SYNC (No. in Character Time Units; T = /xs**): 

1 6. HORIZ. SCAN DELAY (No. in Character Time Units; T = ^s**): 

1 7. TOTAL CHARACTER TIME UNITS IN (1 ) HORIZ. SCAN LINE 

(Add Steps 1 3 thru 16): 

18. CHARACTER RATE (Step 12 x Step 17 = Freq. in MHz): 

19. CLOCK (DOT) RATE (Step 3 x Step 18 = Freq. in MHz): 

*Vertical Interval 
** Horizontal Interval 
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MK3807 VCU WORK SHEET 
Table 2B 



REG.# 



ADDRESS 
A3-A0 



FUINICTION 



BIT ASSIGNMENT 



HEX. 



DEC. 



0000 



HORIZ. LINE COUNT. 



m 



0001 



INTERLACE 

H SYNC WIDTH . 
HSYNCDEL^Y. 



o 



0010 



SCANS/DATA ROW _ 
CHARACTERS/ROW. 



rn 



0011 



SKEW CHARACTERS . 
DATA ROWS 



0100 



SCANS/FRAME . 
X - 



0101 



VERTICAL DATA START 

= 3 + VERTICAL SCAN DELAY: 

SCAN DELAY 

DATA START 



nm 



0110 



LAST DISPLAYED DATA ROW 
{= DATA ROWS) 



X X 















MK3807 VCU WORK SHEET 
Table 2C 

1 . H CHARACTER MATRIX (No. of Dots): ~Z_ 

2. V CHARACTER MATRIX (No. of Horiz. Scan Lines): 9- 

3. H CHARACTER BLOCK (Step 1 + Desired Horiz. Spacing = No. in Dots): jL 



4. V CHARACTER BLOCK (Step 2 + Desired Vertical Spacing = No. in Horiz. 
Scan Lines): 



5. VERTICAL FRAME (REFRESH) RATE (Freq. in Hz): iiO- 

14 



6. DESIRED NO. OF CHARACTER ROWS: 

7. TOTAL NO. OF ACTIVE "VIDEO DISPLAY SCAN LINES" 

(Step 4 X Step 6 = No. in Horiz. Scan Lines): ^on — 

8. VERT. SYNC DELAY (No. in Horiz. Scan Lines): Q 

9. VERT. SYNC (No. in Horiz. Scan Lines; T = \LL23L /xs*): =5 

10. VERT. SCAN DELAY (No. in Horiz. Scan Lines; T = JQZ ms*): — L3 

1 1 . TOTAL VERTICAL FRAME (Add steps 7 thru 10 = No. in Horiz. Scan Lines): <;^l^ 

12. HORIZONTAL SCAN LINE RATE (Step 5 x step 1 1 = Freq. in KHz): — iS^L^ 

13. DESIRED NO. OF CHARACTERS PER HORIZ. ROW: dO 



14. HORIZ. SYNC DELAY (No. in Character Time Units; T = 2'M /xs**): 



B 



1 5. HORIZ. SYNC (No. In Character Time Units; T = ^.7^ ^iS**): 3 

1 6. HORIZ. SCAN DELAY (No. In Character Time Units; T = MjA. /us**): _ — -i 

1 7. TOTAL CHARACTER TIME UNITS IN (1 ) HORIZ. SCAN LINE 

(Add Steps 13 thru 16): * <^2. 

18. CHARACTER RATE (Step 12 x Step 17 = Freq. in MHz): 13 ^7Z 

19. CLOCK (DOT) RATE (Step 3 x Step 18 = Freq. In MHz): l7./)7V2f 

*Vertlcal Interval 
**Horizontal Interval 

BIT ASSIGNMENT 
Figure 1 3 

HORIZONTAL LINE COUNT SKEW BITS DATA ROWS/ FRAM E LAST DIS PLAYED DATA ROW 

■ I h I I 1 I 1 I 1 I 



REGO [o|l I 1 |o|o[l |o| 1 I REG3 |l | 1 | | 1 | | 1 1 1 | 1 | REGefoJ 



'^^SoN^INTERlS.^^^ H SYNC WIDT H H SYNC DELAY SCAN LINES/FRAME CUR SOR CHARACTER ADDRES S 



REGl |o|l |o |o|l |l |o |o I REG 4 1 [ o" | 1 [ 1 | | 1 | 1 | REGT Jo |o|o|o|o|o|o|o| 



SCANS/ DATA ROW CHARACTERS/DATA ROW VERTICAL DATA START CURSOR ROW DDRESS 

REG2 I I 1 I I 1 I 1 I 1 I I 1 I REG5 |o|o | | 1 | | 1 | 1 | | REGS ] | | | | | | | | 
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XTAL Frequency 

At a frequency of 1 8.6 kHz, a scan line takes 53.76 jjls. In 
this time, 1 02 characters (80 displayed + 22 blanked) have 
to be accessed. Thus the character time is 527.06 ns (53.76 
MS/ 102). Since each character is 9 dots in this example (7 
character and 2 blank), the dot period is 58.56 ns (527.06 
ns/9). The inverse of the dot period is the video dot clock 
XTAL frequency. For this example, the video dot clock XTAL 
is 1/58.56 ns = 17.0748 MHz (53.76 /is/102). Since each 
character Is 9 dots in this example (7 character and 2 blank), 
the dot period increases in the video clock rate, possibly to a 
point beyond the monitor's specification. 

A more detailed example, using 40 character by 12 row 
format, follows. 

Having chosen the display format and display monitor, the 
actual settings for the VCU registers can now be 
established. See Table 2C. 



EXAMPLE FOR 40 CHARACTER BY 12 ROWS 

Using the VCU worksheet (Table 2A), steps 1 and 2 
determine the character matrix. In this example, a 7 X 9 dot 
matrix will be used, thus in step 1, 7 dots are used 
horizontally and in step 2, 9 scan lines are used vertically. 
This defines the character size (other character sizes might 
be 5 X 7 etc.). Steps 3 and 4 determine the character block 
size. The character block is composed of the character 
matrix along with both the horizontal and vertical blank 



spaces between characters. Step 3 shows the H character 
block for this example to be 7 dots from step 1 plus 2 
additional dots for blank space, giving a total of 9. Step 4 
shows the vertical height (V character block) being 9 lines 
from step 2, plus 3 additional raster lines for vertical 
spacing, giving a total of 12. The next parameter is the 
vertical frame refresh rate and this example uses the 
American Standard of 60Hz (in this example the non- 
interlace mode will also be used). 

As this example uses twelve rows of data, step 6 indicates 
1 2. Step 7 determines the number of active video display 
raster scan lines. This is determined by taking the number of 
raster scan lines from step 4 and multiplying that by the 
number of data rows in step 6, thus giving us the number of 
displayed horizontal scan lines. In this example, multiply 1 2 
raster lines per data row by 1 2 data rows to give 1 44 active 
video raster scan lines. 

The next portion of this example is dependent upon the 
characteristics of the video monitor being used. For the 
purposes of this example, a standard sync driven video 
monitor using RS-170 non-interlace sync is used. In 
accordance with the standard for this monitor, the vertical 
sync pulse width will be between 1 80 and 200 /xs. with 1 90 
^is. as the nominal value. In addition, the vertical blanking 
interval, which is made up of the vertical sync pulse and the 
2 delays , is defined as being 1 ms. minimum. The same 
monitor specification defines the horizontal sync pulse 
width as being between 4 and 6 jjls. with 5 fxs. as the 
nominal horizontal sync pulse width. In addition, the 
horizontal sync delay or front porch is defined as 2.5 jus. 



MONITOR HORIZONTAL TIMING 
Figure 14 



HORIZONTAL BLANKING INTERVAL 
(11 iuS MINIMUM) 



VIDEO 



HORIZONTAL SYNC PULSE 
(5 mS NOMINAL; 4-6 mS) 

! 



-2.5-5VDC 



VIDEO 



Kt— I 



HORIZONTAL SYNC DELAY 
(2.5 mS NOMINAL: 2 ^S MIN.) 



1-^ 



HORIZONTAL SCAN DELAY 
(5 nS NOMINAL; 4 ^S MIN.) 
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nominally with a 2 /us. minimum. At the same time, the 
horizontal blanking interval, which is composed of the front 
porch, horizontal sync pulse, and the back porch is defined 
as 1 1 fxs. minimum. See Figures 1 4 and 1 5. 

The monitor characteristics determine the values for steps 9 
and 1 0. Step 9 lists the vertical sync pulse width. The VCU 
has a fixed vertical sync pulse width of 3 horizontal raster 
scan lines {3H). Later, the period of a horizontal raster scan 
line will be determined and it will be verified that this meets 
the RS-1 70 specification. Enough time must be allowed for 
vertical retrace and some blanking at the top of the screen. 
This is indicated in step 10 as the vertical scan delay. The 
VCU can be programmed for a vertical scan delay between 
and 255 raster scan lines to allow utilization of various types 
of monitors, as well as to position the data vertically on the 
screen. For purposes of this example, a vertical scan delay of 
19 raster lines is chosen. After the horizontal period is 
determined, it can be verified that these values comply with 
the specification. Step 1 1 is the total number of raster lines 
per frame or, in other words, the number of raster lines per 
vertical refresh time. Normally, this will be determined by 
adding to the number of displayed scan lines, the vertical 
sync pulse width, the vertical scan delay, and the vertical 
sync delay which has not yet been determined. However, in 
this case, since the example uses a standard monitor, it is 
possible to work backwards. Therefore, for step 1 1 we will 
enter 262 raster lines per frame (a typical number of raster 
lines/field of a standard monitor). Now work backwards to 
step 8 and determine the vertical sync delay. This is the 
number of raster lines between the last displayed video 
raster line and the beginning of vertical sync. Subtracting 



144, 19, and 3 from 262 leaves 96; thus for step 8, 96 
horizontal lines is the vertical sync delay. We have now 
determined the vertical timing waveform for this example. 
The next part of the example is to determine the horizontal 
scan line rate or how many raster lines per second will be 
displayed. This is determined by multiplying the vertical 
frame refresh rate from step 5 — in this case 60 frames per 
second — by the total number of raster lines per frame from 
step 1 1 , in this case 262. The product will be 1 5,720 raster 
lines per second. This is the horizontal scan rate. The 
horizontal period is determined by taking the inverse of 
horizontal scan rate, 1 divided by 15,720 Hz, which is 
63.61 32 us. This is the time of 1 horizontal raster line. This 
information is now used to go back and check that the 
specifications in steps 9 and 10 are met. Step 9 lists 3 
horizontal lines as the vertical sync pulse width. 3 X 
63.6132 /iS. yields 190.84 /xs. This is the nominal value 
specified for the monitor. Step 10 lists the vertical scan 
delay as 1 9 raster lines which multiplied by 63.61 ^is. yields 
1 .21 ms; thus the values picked for the above parameters 
meet the specification for the monitor. 

In step 1 3 the desired number of active display characters 
per horizontal data row is listed. 40 characters per row have 
been chosen. Steps 1 4, 1 5 and 1 6 are now selected using 
the horizontal period and the monitor specifications. Step 
1 4 is the horizontal sync delay or front porch, in this case 2 
character times. The period of a character will be 
determined later in this example, which will be used to 
verify that this parameter meets the RS-1 70 specification 
given earlier. In step 1 5 the horizontal sync width is chosen 
to be 4 character times, and in step 1 6 the horizontal scan 




MONITOR VERTICAL TIMING 
Figure 1 5 



VERTICAL BLANKING INTERVAL 
(ImS MINIMUM) 



VERTICAL SYNC PULSE 
VIDEO (1 90 ^s NOMINAL 1 80-200 nS) 



-^1 



^JU 



< — 2.5-5VDC 



VIDEO 

A. 



VERTICAL SYNC DELAY 
(0-190/xS) 



U~ VERTICAL SCAN DELAY _^| 
' (800 juS MINIMUM) ' 

VERTICAL SYNC & SCAN DELAY 
(ImS MINIMUM) 
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delay is also chosen to be 4 character times. Step 1 7 is the 
total number of character times per horizontal scan line and 
this sum is determined by adding steps 1 3 through 1 6; thus 
we add 40+2+4+4=50 character times per horizontal scan 
line. In step 18 the character rate is determined by 
multiplying the horizontal line rate of step 12 by the total 
character units per horizontal line; thus, 15,720 X 50 = 
786,000 characters per second. The character period is the 
inverse of the character rate; thus 1 over 786,000 yields a 
character period of 1.272 /xs. This information is used to 
verify steps 14, 15, and 16. In step 14 the horizontal sync 
delay was chosen as 2 character units. 2 times 1 .272 jjs 
yields 2.54 /xs. Step 15, the horizontal sync width was 4 
character units. 4 times 1.272 /xs. yields 5.089 >ts. and 
similarly, in step 1 6, four character units also are 5.089 /xs. 
These three values are in agreement with the specification 
for the monitor. The next step is to determine the video dot 
clock frequency. It is determined by multiplying the number 
of dots per character from step 3 by the character rate in 
step 18: 9 X 786 KHz = 1.01 A MHz. Thus, the crystal 
frequency required for this example is 7.074 MHz and the 
dot clock counter divisor N is 9 (from step 3). 

Register Programming 

Register (Horizontal Line Count) determines the total 
number of character units per horizontal line. From step 17 
we have determined that there would be 50 character units 



per line. This register is loaded with (N — 1), the decimal 
number 49. 

Register 1 contains 3 fields. The first field is the most 
significant bit, and this determines the interlaced or non- 
interlaced mode of operation. This example uses the non- 
interlaced mode; therefore, bit 7 is loaded with a 0. The next 
field is the horizontal sync pulse width, and this field isbits6 
through 3. Step 15 determines that the horizontal sync 
width is 4 character times. Therefore the binary equivalent 
of 4 is loaded into these bits. Thus bits 6 through 3 are 
loaded with 0100. The third field is the horizontal sync 
delay. Step 1 4 determines that this is 2 character time units. 
Therefore, bits 2 through are loaded with 010. 

Register 2 contains 2 fields, with the most significant bit 
unused. Bits 6 through 3 determine the scans per data row. 
In this example from step 4, there will be 1 2 raster lines per 
data row, and, from the VCU data sheet note, this is an N + 1 
register. Therefore the decimal number eleven is loaded 
into bits 6 through 3. The second field is characters per data 
row, bits 2 through 0. In this example, 40 active characters 
per data row were chosen. The VCU data sheet specifies 
that 010 in this field will give 40 characters per data row; 
thus bits 2 through are loaded with 010. 

Register 3 also contains 2 fields. The first field, bits 7 and 6, 
are the skew bits. These bits allow the hardware designer to 



MK3807 VCU WORK SHEET 



1 . H CHARACTER MATRIX (No. of Dots): 7 

2. V CHARACTER MATRIX (No. of Horlz. Scan Lines): 9 

3. H CHARACTER BLOCK (Step 1 + Desired Horiz. Spacing = No. in Dots): 9 

4. V CHARACTER BLOCK (Step 2 + Desired Vertical Spacing = No. in Horiz. 

Scan Lines): /5 — 

5. VERTICAL FRAME (REFRESH) RATE (Freq. in Hz): — LtO 

6. DESIRED NO. OF CHARACTER ROWS:. /A 

7. TOTAL NO. OF ACTIVE "VIDEO DISPLAY SCAN LINES" 

(Step 4 X Step 6 = No. in Horiz. Scan Lines): — /W 

8. VERT. SYNC DELAY (No. in Horiz. Scan Lines): 9i» 

9. VERT. SYNC (No. in Horiz. Scan Lines; T = l3QiSii /xs*): c2 

10. VERT. SCAN DELAY (No. in Horiz. Scan Lines; T= hl-l ms*): /9 

1 1 . TOTAL VERTICAL FRAME (Add steps 7 thru 10 = No. in Horiz. Scan Lines): olifSl 

12. HORIZONTAL SCAN LINE RATE (Step5 x step 1 1 = Freq. in KHz): f^JS, 

13. DESIRED NO. OF CHARACTERS PER HORIZ. ROW: 6^ 

14. HORIZ. SYNC DELAY (No. in Character Time Units; T = S^bH fjs**): fi2 

15. HORIZ. SYNC (No. in Character Time Units; T = h^^^ ^jjs**): ^ 

1 6. HORIZ. SCAN DELAY (No. in Character Time Units; T = JBbCfiL /xs**): U 

1 7. TOTAL CHARACTER TIME UNITS IN (1 ) HORIZ. SCAN LINE 

(Add Steps 13 thru 16): — SQ — 

18. CHARACTER RATE (Step 12 x Step 17 = Freq. in MHz): .7^^ 

19. CLOCK (DOT) RATE (Step 3 x Step 18 = Freq. in MHz): TQVV 

*Vertical Interval 

**Horizontal Interval 
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use a slower buffer RAM memory and allow compensation 
for slower character generator access times. In the example 
shown, as well as most typical applications, these bits are 
set for 2 character time delays; therefore bit 7 and bit 6 will 
both contain a 1 . The other field is data rows per frame, bits 
5 through 0. In Step 6 there are 1 2 data rows per frame, and 
the VCU data sheet specifies that this is an N + 1 register. 
Thus the decimal number eleven is loaded in bits 5 through 
0. 

Register 4 determines the number of horizontal raster lines 
per frame. From this example, step 1 1 , specif les that there 
are 262 raster lines per frame. The VCU data sheet specif ies 
that there are two modes of loading this register. In the 
non-interlace mode (this example) the equation 2X + 256 is 
equal to 262. Thus, X is equal to 3. The decimal number 3 is 
loaded into register 4. 

Register 5 Is the vertical start of data. From steps 9 and 1 In 
the example, the vertical data start is 22 raster lines; thus 
the decimal number 22 is loaded into register 5. 

Register 6 is the last displayed data row. This register, 
which is used for multi-line scrolling and for initialization 
purposes is set to the same data as in register 3, the same 
data rows per frame. Thus, the decimal number eleven is 
loaded into register 6. 



The following will illustrate the use of register 6 for multi- 
line scrolling: 

Usi ng 1 2 rows of data with row on top of the screen 
and row 1 1 on the bottom and as programmed in 
register 6 with eleven, this will be the case. Now, If 
another number is programmed into register 6, such 
as 5, data row 5 will be on the bottom of the screen, 
while data row 6 will be on the top followed by data 
row 7, 8, through to 1 1 , which will then be followed by 
row through 5. 

Register 7 Is the cursor character address. It is initialized to 
0; thus it is now set to the beginning of the data row. 

Register 8 is also initialized to 0. This is the cursor row 
address and is set to the top data row. The 2 cursor 
addresses (X-Y) coincide at the upper left hand corner of the 
screen. See the VCU work sheet on page 1 6. 

The above is only a typical example of how to determine the 
frequencies, program the frequencies, and program the 
registers of the VCU. This is shown for illustrative purposes 
only and designers/programmers should determine these 
values for their specific CRT requirements. 




BIT ASSIGNMENT CHART 



HORIZONTAL LINE COUNT 



REG0 |0[0 I 1 I 1 |0 |0 |o|; 



SKEW BITS DATA ROWS/FRAME 



LAST DISPLAYED DATA ROW 



JL 



REG3 110 10 



m 



REG 6 



mn 



1 1 



"^^NOmNTERLACED " SYNC WIDTH H SYNC DELAY 
REG 1 lolo |l lo lolo |l lol 



SCAN UNES/FRAME 



CURSOR CHARACTER ADDRESS 



REG4 [o|o |o I o|o [o |l | 1 | REGT J o|oJo" o|o |o |o |o| 



SCANS/ DATA ROW 



REG 2 1 



CHARACTERS/DATA ROW VERTICAL DATA STAR T 
1 I 1 I I 1 I o| REG 5 I 0| 0[0|l |0 |l h |o| REQ8 | [ |o | | | | | | 



CURSOR ROW ADDRESS 
I . . ! . , I . 
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APPLICATION NOTES 

Conversion of Row Column to Binary 
Address 

With only slightly more complicated circuitry than required 
by memory mapping, the rowcolumn addressing outputs of 
the VCU may be readily changed to binary address outputs. 
For data formats that use 48 or 80 visible characters per 
data row, this can be done by the addition of two 74LS83's 
and a 74LS32 (or equivalent) in some formats or by the 
addition of the one 256x8 PROM. Figure 1 6 below shows 
the implementation for an 80 character by 24 data row 
display using the adders. Figure 17 is an implementation 
using a bipolar PROM. 



In essence the adders are used to add groups of 1 6. Since 
there are 5 groups of 1 6 in each data row of 80 characters, 
the adders effectively multiply the data row count (DRO- 
DR4) by 5 to obtain the starting binary address for each row. 
This is done by adding DR0-DR4 to itself shifted two 
positions to the left. Within each data row, H6, H5, and H4 
are used to add from to 4 groups of 16. The PROM 
configuration is merely a table look-up implementation of 
the adder configuration. 

The PROM configuration can be programmed to provide 
binary addresses for any number of groups of 1 6 characters 
perdata row(i.e.,48, 80, 96, 1 1 2, 144, 1 60). Table 3 shows 
some typical mapping for an 80x24 display. 



80x24 DISPLAY WITH BINARY ADDRESS USING 
74LS83 ADDERS 
Figure 1 6 



80x24 DISPLAY WITH 
256x8 PROM 
Figure 1 7 



BINARY ADDRESS USING 



DR3 

DR2 

DR1 

DRO 

H6 

H5 

H4 

VCU 

H3 
H2 
HI 
HO 






A4C4 
B4 v4 

B3 -3 
A2 V2 

Bico 



-^=0 



-^=^> 



MA10 

MAS 

— MAS 
74LS83 



A4C4 

B4 i;4 

A3 . _ 

83 -3 

A2 v2 

82 -^ 

At VI 

B1 rn 



— MA7 
— MA6 
— MA5 
— MA4 
74LS83 



-MAI 
-MAO 



BINARY 

ADDRESS 

> TO 

DISPLAY 

MEMORY 



DR4 

DR3 

DR2 

DR1 

DRO 

H6 

H5 

H4 



+5V_ 
+5V- 
GND- 



AO 
82S114 
STROBE 
CEj 



^MAIO 

-MAS 

-MAS 

-MA7 

-MA6 

-MA5 

~MA4 



BINARY 
ADDRESS 
> TO 

DISPLAY 
MEMORY 



-MAI 
- MAO 



TYPICAL MAPPING OF 80x24 DISPLAY 
Table 3 
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USING THE VCU FOR A 256 X 256 
DOT GRAPHIC DISPLAY 

The VCU can be used for dot matrix graphic displays as well 
as alphanumeric displays. The following is an example of a 
256 X 256 dot matrix graphic display using the raster line 
counter outputs (R0-R3) as part of the RAM addressing. 

For this example the character width (the dot counter 
divisor) should be 8 dots. The VCU should be programmed 
(See Figure 1 8) for: 

Characters per data row = 32 
Scans per data row = 1 6 
Data rows per frame = 1 6 

USING THE VCU FOR A 256 x 256 
DOT GRAPHIC DISPLAY 
Figure 1 8 



In actual fact, the row column addressing of the VCU 
permits the display of more than 128 characters per row 
and more than 32 rows per frame with only two inverters 
and one D-type flip flop. In the following example, the 
display format will be 132 characters per row by 35 data 
rows. 

The horizontal row address will appear on outputs HO to H7. 
Data row outputs DRO to DR4 will provide five of the six bits 
required for the data row addressing. The circuit shown in 
Figure 1 9 will generate the required sixth row address bit. 

There are many other applications of the VCU other than the 
alphanumeric CRT terminal as shown above. 

Because of the speed and flexibility of the device, it can be 
used to generate television pictures (with gray scale and 
color), facsimile, slow-scan TV, frame storage, scan 
conversion, etc. Since the VCU generates composite sync 
(with serrations), the serial video can be combined with the 
composite sync to produce composite video (RS-1 70). 



AO A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 



HO HI H2 H3 H4 RO R1 R2 R3 DRO DR1 DR2 DR3 
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USING THE VCU FOR MORE THAN 

128 CHARACTERS PER ROW AND MORE THAN 

32 ROWS 

Due to pin limitation, the most significant character count 
output of the VCU is multiplexed with the most significant 
bit of the data row counter. When the horizontal line count 
is greater than 128, this output (H7/DR5) automatically 
becomes H7. On the surface, this creates a limitation of no 
more than 32 data rows. 



USING THE VCU FOR MORE THAN 128 
CHARACTERS PER ROW AND MORE THAN 32 
ROWS 
Figure 19 
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MQSTEK . 

USE OF THE MK3805 CLOCK/RAM 



Application Note 



INTRODUCTION 

Many microprocessor applications require a real time clock 
and/or memory that can be battery powered with very low 
power drain. A typical application might be an automobile 
trip computer, where the clock could provide the time of day 
and the memory would be used to retain vital information 
when the ignition switch is off. The interfacing technique 
needs to be kept as simple as possible so as to minimize the 
required overhead in software, and it should minimize the 
number of pins required in order that other I/O 
requirements can be efficiently accommodated. 

FEATURES 

Mostek's CLOCK/RAM microcomputer peripheral chip 
satisfies all of these requirements. The device, designated 
MK3805, contains a real-time clock/calendar, 24 bytes of 
static RAM, and an on-chip oscillator, and communicates 
serially with the microcomputer via a simple interface 
protocol. The MK3805 is fabricated using CMOS 
technology, thus ensuring very low power consumption. 

The real-time clock/calendar provides all timekeeping 
functions. It contains registers for seconds, minutes, hours, 
day, date, month, and year. The end of the month date is 
automatically adjusted for months with less than 31 days. 
The clock operates in either the 24 hour or 1 2 hour format 
with an AM/PM indicator. Since the MK3805 is designed 
to interface to a microcomputer, the alarm function is easily 
accommodated in the microcomputer, should it be required. 

The on-chip oscillator provides the clock source for the 
clock/calendar. It incorporates a programmable divider so 
that a wide variety of crystal frequencies can be 
accommodated. The oscillator also has an output available 
that is designed to serve as the clock generator for the 
microcomputer. A separately programmable divider pro- 
vides several different output frequencies for any given 
crystal frequency. This feature can eliminate the need for a 
separate crystal or external oscillator for the micro- 
computer, thereby reducing system cost. 

Interfacing the CLOCK/ RAM with a microcomputer is 
greatly simplified using asynchronous serial communica- 
tion. Only 3 lines are required to communicate with the 
CLOCK/RAM: (1 ) CE (chip enable), (2) I/O (data line), and (3) 
SCLK (shift register clock). Data can be transferred to and 
from the CLOCK/RAM one byte at a time, or in a burst of up 
to 24 bytes. 
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DESCRIPTION 


1 


CKO 


System clock (output). 


2 


XI /CI 


Crystal or external clock (input). 


3 


X2 


Crystal (input). 


4 


GND 


Ground. 




5 


CE 


Chip enable (input, active low). 


6 


I/O 


Data I/O (input/output). 


7 


SCLK 


Shift register clock (input). 


8 


Vcc 


Positive supply voltage. 




PINOUT DESCRIPTION 

Figure 1 is a pinout diagram of the MK3805. It is packaged 
in an 8-pin DIP to conserve PC board space. A brief 
description of the function of each pin is listed. 

TECHNICAL DESCRIPTION 

Figure 2 is a block diagram of the CLOCK/RAM chip. The 
main components are the oscillator and divider, the 
real time clock/calendar, the static RAM, the command 
register and logic, the control register and logic, and the 
serial shift register. 

The shift register is used to communicate with the outside 
world. Data on the I/O line is either input or output on each 
shift register clock pulse when the chip is enabled. If the 
chip is in the input mode, the data on the I/O line is input to 
the shift register on the rising edge of SCLK. If the chip is in 
the output mode, data is shifted out onto the I/O line on the 
falling edge of SCLK. 

The command register receives the first byte input by the 
shift register after CE goes true (low). This byte must be the 
command byte and will direct further operations within the 
CLOCK/RAM. The command specifies whether subse- 
quent transfers will be read or written, and what register or 
RAM location will be involved. 
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MK38P5 CLOCK/RAM BLOCK DIAGRAM 
Figure 2 
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The control register has bits defined which control the 
divider for the internal real-time clock and the external 
system clock. One bit serves as the write protect control 
flag, preventing accidental write operations during power- 
up or power-down situations. 

The real-time clock/calendar is accessed via seven 
registers. These registers contain seconds, minutes, hours, 
day, date, month, and year information. Certain bits within 
these registers also control a run/ stop function, 12/24 
hour clock mode, and indicate AM or PM (12 hour mode 
only). These registers can be accessed either randomly in 
byte mode, or sequentially in burst mode. 

The static RAM is organized as 24 bytes of 8-bits each. They 
can be accessed either randomly in byte mode, or 
sequentially in burst mode. 

The reader should refer to the MK3805 data sheet for 
operating specifications and detailed timing information. 

DATA TRANSFERS 

Data transfer is accomplished under control of the CE and 



SCLK inputs by an external microcomputer. Each transfer 
consists of a single byte (COMMAND) input followed by a 
single or multiple byte input or output (as defined by the 
command byte). 

The general format for the command byte is shown in 
Figure 3. The most significant bit (bit 7) must be a logical 1 ; 
bit 6 specifies a clock function if logical 0, or a RAM function 
if logical 1 . Bits 1 -5 specify the clock register(s) or RAM 
location(s) to be accessed. The least significant bit (bit 0) 
specifies a write operation if a logical or a read operation If 
a logical 1 . 

In the clock burst mode, all clock, calendar, and control 
registers are transferred beginning with register (seconds) 
and ending with register 7 (control). Unless terminated 
early, this burst mode requires that CE be true and 72 SCLK 
cycles be supplied. This mode may be terminated at any 
time by taking CE false. This mode is specified by setting all 
address bits in the command byte to a logical 1 . 

In the RAM burst mode, all RAM locations are transferred 
beginning with location and ending with location 23 
(01 7H). Unless terminated early, this burst mode transfer 
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MK3805 CLOCK/RAM 
Figure 3 



COMMAND, REGISTER, DATA FORMAT SUMMARY 



i. GENERAL COMMAND FORMAT: 

7 6 5 4 3 2 10 



1 


% 
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A3 


A3 


A, 


Ao 


R y 



II. CLOCK COMMAND FORMAT: 

7 6 5 4 3 2 1 



SEC 






















/w 
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1 


R / 

/w 






HR 
















1 





R y 






DATE 













1 


1 


R y 






MONTH 













1 








R y 






DAY 













1 





1 


R y 






YEAR 













1 


1 





% 






CONTROL 













1 


1 


1 


R y' 

/w 






CLOCK 
BURST 







1 


1 


1 


1 


1 


;^ 



III. RAM COMMAND FORMAT: 
RAMO 



RAM 23 



1 


1 

















R >/ 






RAM 
BURST 



1 


1 


1 





1 


1 


1 


R y 
/w 






1 


1 


1 


1 


1 


1 


1 


R V 



IV. CLOCK PROGRAMMING MODEL: 

7 6 5 4 3 2 

00-59 



STOP 



10SEC 
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10 
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NOTES: 

WP Write protect. 

X^ - Xq Program dividers for real time clock. 

C^ - Cg Program dividers for clock output. 

Tj - T^ Test bits (normally set to 0). 
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requires that CE be true and 200 SCLK cycles be supplied. 
This mode may be terminated at anytime by taking CE false. 
This mode is specified by setting ail address bits in the 
command byte to a logical 1 . 

Refer to Figure 3 for a summary of the command, register, 
and data formats. 

POWER-ON STATES 

When the MK3805 is first powered up, all eight clock 
registers come up to a pre-defined state. These are listed 
below. The RAM locations contain unspecified data. 

Clock: 



Seconds 


00 




Minutes 


00 




Hours 


00 




Date 


01 




Month 


01 




Day 


01 




Year 


00 




Halt 


1 


(clock stopped) 


12/24 Hour 





(24 hour mode) 


Control: 






Write Protect 


1 


(protect on) 


C0&C1 


01 


(CKO = crystal frequency /2) 


X3 & X4 


00 


(crystal frequency is binary: 
2h) 

(divide by 223) 


X0,X1 &X2 


000 


SERIAL TIMING 







The timing sequence for data transfer with the 
CLOCK/RAM is started when CE goes low (see Figure 4). 
After CE goes low, the next 8 SCLK cycles will input the 
command byte of the proper format. If the most significant 
bit (bit 7) Is a logical 0, the command byte will be ignored, as 
will all SCLK cycles until CE goes high and returns low to 
signify the start of a new transfer. Command bits are input 
on the rising edge of SCLK. 

Input data will be input on the rising edge of the next 8 SCLK 
cycles (per byte if burst mode is specified). Additional SCLK 
cycles will be ignored, should they inadvertently occur. 

Output data will be output on the falling edge of the next 8 
SCLK cycles (per byte if burst mode is specified). Additional 
SCLK cycles will retransmit the information, thereby 
permitting continuous transmission of clock information for 
certain applications. 

A data transfer will terminate if Cl goes high, and the 
transfer must be reinitiated by the proper command when 
CE goes low again. The I/O pin will be In the high 
impedance state when CE is high. 



DESIGN EXAMPLE 

As a demonstration of the software and hardware 
interfacing for the CLOCK/RAM chip, the design of a 
demonstration model used for electronic shows is given 
here. The hardware used included a standard CRT terminal, 
an MK38P73 single chip microcomputer, the MK3805 
CLOCK/RAM chip, and some miscellaneous parts to 
interface to the CRT. Refer to Figure 5 for a schematic of the 
circuit used. Note how simple the design is. The MK3805 
interfaces directly to the MK38P73 via 3 pins, and it 
provides the clock input to the MK38P73 via a fourth pin. 

HARDWARE DESCRIPTION 

The MK38P73 is an 8-bit single-chip microcomputer with 4 
parallel ports, a serial port, 1 28 bytes of RAM, and 2K bytes 
of EPROM (in the form of a piggy back 271 6). Because the 
serial communications with the CLOCK/RAM use a simple 
shift register type interface, the serial port of the 38P73 is 
not used here. It remains free for serial communications 
with the CRT. 

The MK3805 is interfaced to the microcomputer via port 4. 
This is done to tak e ad vantage of the STB line associated 
with that port. The STB line goes low for a short time after 
each output to port 4 instruction is executed. This normally 
would be used to strobe data into an output device attached 
to the port. In this example, the STB line provides the SCLK 
pulse to the CLOCK/RAM shift register to clock data into 
and out of the chip. By using this line, toggling another port 
bit to strobe data in and out is not required. Such an 
interface to other microcomputers is straightforward. 

The CLOCK/RAM chip also provides the clock source for 
the microcomputer. By selecting a crystal frequency of 
3.6864 MHz and setting the CKO divider to divide by 1 , the 
serial port on the MK38P73 operates at standard Baud rates 
(9600, 4800, 2400, 1200, etc.). 

The 75150 and 1489 chips convert the TTL level signals 
output by the microcomputer to RS-232 levels in order that 
the circuit can be interfaced to a standard CRT. 

SOFTWARE DESCRIPTION 

The heart of the software is the subroutine labeled 
'CLKRAM'. This subroutine provides all the necessary 
software interfacing to the CLOCK/RAM. 

Before calling the subroutine, the necessary parameters 
must be set up in the proper registers. The ISAR is used as a 
pointer to where the data is to be read from or written to in 
the MK38P73 RAM area. 

The scratchpad register 'CMD' must contain the command 
to be sent to the CLOCK/RAM. (See the description of the 
command given earlier.) 

The bit pattern for enabling the CLOCK/RAM must be 
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Notes: 1 ) Data input sampled on rising edge of clock. 

2) Data output changes on falling edge of clock. 

3) Rising edge of CE temiinates operation and resets command register. 
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8 


72 
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stored in the scratchpad register 'CHIPEN'. This bit pattern 
should contain a logic 1 in the bit position that corresponds 
to the port 4 line tied to the CLOCK/RAM CE pin. All other 
bits should be 0. This technique allows multiple serial 
microcomputer peripheral chips to be tied together with 
common I/O and SGLK lines, with a separate port line for 
each device CE. 

The subroutine also provides an option for using the port 4 
pins not used by the CLOCK/RAM interface for any other 
purpose. To accomplish this option, a copy of whatever is 
written to port 4 by other routines must be kept in the 
scratchpad register 'PT4IMG'. This option is not used in this 
example. 

The main demonstration routine (listing 1 ) is quite basic. Its 
purpose is to print the features of the CLOCK/RAM on the 
CRT, then read the clock and display its contents once every . 
second. A reentry point is provided in order that the 
clock/calendar settings may be changed after power up. 
(See the flowchart in Figure 6.) 



When power is applied to the microcomputer, it resets and 
begins execution of the program at location CXXX)H. The 
code at this point initializes the system and checks for valid 
CLOCK/RAM data. This condition is indicated by the state 
of the write protect bit in the control byte. If the bit is set to a 
logical 1 , then the CLOCK/RAM has also just been powered 
up. This indicates that the registers contain invalid data and 
should be initialized before contihuing. If the bit is reset to a 
logical 0, the CLOCK/RAM did not just power up, and the 
data in its registers should be valid. 

After the clock data is verified, the routine prints a message 
consisting of CLOCK/RAM features. The timer is then set to 
interrupt once every 1 /36 second so that the time, etc., may 
be updated on the CRT screen. The routine then just waits 
for an interrupt from the timer or the keyboard. 

When a timer interrupt occurs, the service routine checks to 
see if 1 second has elapsed since the last service. If not, it 
resets the timer and returnstothe wait for interrupt state. If 
1 second has gone by, the routine proceeds to erase the 



SCHEMATIC OF DEMONSTRATION CIRCUIT 
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time, etc., from the top of the screen and will print new data 
obtained from the CLOCK/RAM. The timer is then reset and 
returns to the wait for interrupt state. 

When a receiver interrupt occurs, the serial port contains a 
valid character from the keyboard. The service routine 
checks to see if it is a 'DC3' (control-S) character. If not, the 
routine returns to the 'wait for' interrupt state. If it is a 'DC3' 
character, the routine goes to the clock set entry point of the 
main routine and the user is allowed to set the clock and 
calendar values. The main routine entered in this fashion is 
executed similarly to a power on reset withthe CLOCK/ 
RAM write protect bit set to a logical 1 . 

The CLOCK/RAM subroutine (listing 2) was designed to 



send the command to the CLOCK/RAM chip and then to 
transfer the number of data bytes specified by the 
command. 

As seen in the flowchart (Figure 7), either 1 , 7, or 24 bytes of 
data may be transferred between the microcomputer and 
the CLOCK/RAM. The command sent to the subroutine is 
exactly the command sent to the CLOCK/RAM, so there is 
no confusion as to the format of the command byte. When 
this routine is called, the ISAR must be pointing to the 
scratchpad RAM area where the data transferred Is to be 
read from or written to. Note that only 7 bytes are 
transferred in a clock burst in order to eliminate reading and 
writing the control register every time. 
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IVIAIN ROUTINE FLOWCHART 
Figure 6 
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CLKRAM SUBROUTINE FLOWCHART 
Figure? 
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LISTING 1 - DEMO PROGRAM 

CLOCK/RAM DEMONSTRATION MODULE F8/3370 MACRO CROSS ASSM. V2.2 
LOC 08J.C00E STMT-NR 'SOURCE-STMT PASS2 DEMO DEMO DEMO ASS 

1 TITLE CLCCK/RAM DEMONSTRATION MODULE 

2 NAME OEMO 

3 PSECT ABS 

4 GL03AL CLKRAM 
* 

* THIS MODULE MUST BE LINKED WITH THE CLOCK/RAM MODULE 

* TO CREATE A WORKING PROGRAM. 

* ■ 
* 
********************************** 

* * 

* DEMO FOR MK3805 CLOCK/RAM CHIP * 

• , ♦ * : ■ ■ 

********************************** 
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CLOCK/RAM DEMONSTRATION MODULE; F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ. CODE STMT~NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

***«******«r*****4r***** ****** ******** 

* * 

* SCRATCH PAD REGISTER DEFINITIONS * 

* * 
************************************ 
* 

* GLOBAL REGISTERS. THESE REGISTERS MUST BE THE SAME 

* AS IN THE CLOCK/RAM MODULE. 



0000 


25 


PT4IMG 


EQU 


OOH 


0001 


26 


CHIPEN 


EQU 


OIH 


0002 


27 


CMD 


EQU 


02H 



5P0RT 4 IMAGE STORAGE 
;CHIP ENABLE STORAGE 
;COMMAND STORAGE 



LOCAL REGISTERS. THESE REGISTERS DO NOT NEED TO BE 
MADE KNOWN TO THE CLOCK/RAM MODULE. 



0003 


32 


TEMP 


EQU 


03H 


;temperary storage 


0004 


33 


CNTSAV 


EQU 


04H 


;digit count save 


0005 


34 


DCOUNT 


EQU 


05H 


; DIGIT counter 


0006 


35 


TIMCNT 


EQU 


06H 


;timer counter 


0007 


36 


CTRL 


EQU 


07H 


;CLOCK/RAM control STORAGE 


0010 


37 


SECOND 


EQU 


lOH 


;SECOND BUFFER 


0011 


38 


MINUTE 


EQU 


IIH 


;minute buffer 


0012 


39 


HOUR 


EQU 


12H 


;hour buffer 


0013 


40 


DAY 


EQU 


13H 


5DAY BUFFER 


0014 


41 


DATE 


EQU 


14H 


;0ATE BUFFER 


0015 


42 


MONTH 


EQU 


15H 


; MONTH BUFFER 


0016 


43 


YEAR 


EQU 


16H 


5 YEAR BUFFER 



******************** 



* PORT DEFINITIONS * 




******************** 



0004 


51 


CRDATA 


EQU 


04H 


0006 


52 


TICTRL 


EQU 


06H 


0007 


53 


TIMER 


EQU 


07H 


OOOC 


54 


RXCTRL 


EQU 


OCH 


OOOD 


55 


RXSTAT 


EQU 


ODH 


OOOE 


56 


MSBYTE 


EQU 


OEH 


OOOF 


57 


LSBYTE 


EQU 


OFH 



;CLOCK/RAM DATA PORT 

TTIMERf INTERUPT CTRL PORT 

ITIMER PORT 

; SERIAL CONTROL PORT 

ISERIAL STATUS PORT 

;SERIAL MSB PORT 

iSERIAL LSB PORT 



********************* 

* * 

* ASCII DEFINITIONS * 

* * 
********************* 



0004 


65 EOT 


EQU 


04H 


OOOA 


66 LF 


EQU 


OAH 


OOOC 


67 FF 


EQU 


OCH 


OOOD 


68 CR 


EQU 


OOH 


0013 


69 DC3 


EQU 


13H 


OOIB 


70 ESC 


EQU 


IBH 



send of text 
;line feed 

5F0RM FEED 
SCARIAGE RETURN 

;device control 3 C 

••ESCAPE 



S) 
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CLOCK/RAM DEMONSTRATION MODULE F8/38 70 MACRO CROSS ASSM. V2,2 
LOC OBvJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 



************* 



* CONSTANTS * 



************* 



* DAYS OF THE WEEK 



0001 


80 


SUN 


EQU 


1 


;SUNDAY IS DAY 1 


00 2 


81 


MON 


EQU 


2 


;M0NDAY is DAY 2 


0003 


82 


TUES 


EQU 


. 3 


TTUESDAY IS DAY 3 


0004 


83 


WED 


EQU 


4 


5WEDNESDAY IS DAY 4 


0005 


84 


THURS 


EQU 


5 


UHURSDAY 


IS DAY 5 


006 


85 


FRI 


EQU 


6 


;FRIDAY is DAY 6 


0007 


86 


SAT 


EQU 


7 


;SATURDAY 


IS DAY 7 






* MONTHS OF 


THE YEAR 






0001 


90 


JAN 


EQU 


1 


JJANUARY is MONTH 1 


0002 


91 


FEB 


EQU 


2 


;february 


IS MONTH 2 


0003 


92 


MARCH 


EQU 


3 


;march IS 


MONTH 3 


004 


93 


APRIL 


EQU 


4 


;april is 


MONTH 4 


OOOS 


94 


MAY 


EQU 


5 


;may is month 5 


006 


95 


JUNE 


EQU 


6 


;JUNE IS MONTH 6 


0007 


96 


JULY 


EQU 


7 


;JULY IS MONTH 7 


0008 


97 


AUG 


EQU 


8 


; AUGUST IS MONTH 8 


00 9 


98 


SEPT 


EQU 


9 


1 SEPTEMBER IS MONTH 9 


OOOA 


99 


OCT 


EQU 


10 


;OCTOBER IS MONTH 10 


OOOB 


100 


NOV 


EQU 


11 


;N0VEM6ER 


IS MONTH 11 


OOOC 


101 


DEC 


EQU 


12 


;december 


IS MONTH 12 






* COUNTER VALUES 






0000 


105 


ZERO 


EQU 





;COUNT IS 





0001 


106 


ONE 


EQU 


1 


;COUNT IS 


1 


0002 


107 


TWO 


EQU 


2 


•COUNT IS 


2 


0003 


108 


THREE 


EQU 


3 


;COUNT IS 


3 


0004 


109 


FOUR 


EQU 


4 


ICOUNT IS 


4 


0005 


110 


FIVE 


EQU 


5 


ICOUNT IS 


5 


0006 


111 


SIX 


EQU 


6 


;COUNT IS 


6 


0007 


112 


SEVEN 


EQU 


7 


;COUNT IS 


7 


00 8 


113 


EIGHT 


EQU 


8 


;COUNT IS 


8 


0009 


114 


NINE 


EQU 


9 


;COUNT IS 


9 


OOOA 


115 


TEN 


EQU 


10 


SCOUNT IS 


10 


0010 


116 


TENBCD 


EQU 


lOH 


IBCD value of 10 






* BCD MASKS 








OOOF 


120 


LSD 


EQU 


OFH 


;MASK FOR 


ONE'S DIGIT 


OOFO 


121 


MSD 

* 

♦ LEAP 


EQU 
YEAR 


OF OH 
MASKS 


;MASK FOR 


TEN^S DIGIT 


0013 


125 


LEAPl 


EQU 


13H 


;MASK to CHECK FOR ? 


0012 


126 


LEAP2 


EQU 


12H 


;MASK TO CHECK FOR ? 






♦ ISAR 


MASK 
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= 003F 



130 ISMASK EQU 3FH IMASK TO 6 BITS 

* CLOCK/CALENDAR MASKS 



ooso 


134 


HALT 


EQU 


80H 


0070 


135 


SECMSD 


EQU 


70H 


GOOF 


136 


SECLSD 


EQU 


OFH 


0070 


137 


MINMSD 


EQU 


70H 


OOOF 


138 


MINLSD 


EQU 


OFH 


0080 


139 


MODE 


EQU 


80H 


0020 


140 


AMPM 


EQU 


20H 


0030 


141 


HR2MSD 


EQU 


30H 


0010 


142 


HRIMSD 


EQU 


lOH 


OOOF 


143 


HRLSD 


EQU 


OFH 


0007 


144 


DAYLSD 


EQU 


07H 


0030 


145 


DATMSD 


EQU 


30H 


OOOF 


146 


DATLSD 


EQU 


OFH 


0010 


147 


MNMSD 


EQU 


lOH 


OOOF 


148 


MNLSD 


EQU 


OFH 


OOFO 


149 


YRMSD 


EQU 


OFOH 


OOOF 


150 


YRLSD 


EQU 


OFH 






* TIMER 


VALUES 


0024 


154 


MAXCNT 


EQU 


36 


OOEA 


155 


TMCTRL 


EQU 


OEAH 






* CHIP 


ENABLE BIT 


0001 


159 


DATA 


EQU 


OIH 


0002 


160 


CEl 


EQU 


02H 



=OOFE 



;HALT FLAG IS BIT 7 OF SECOND 
S 

;seconos ten»s digit 

;seconds one»s digit 

;minutes ten«s digit 

;minutes one»s digit 

; 12/24 hour mode is BIT 7 OF 

hours 

;am/pm flag is bit 5 OF hours 

;24 hour mode TEN'S DIGIT 
;i2 HOUR MODE TEN'S DIGIT 
;H0URS ONE'S DIGIT 

;day mask 

;DATE TEN'S DIGIT 
;DATE ONE'S DIGIT 
;M0NTH TEN'S DIGIT 
;M0NTH ONE'S DIGIT 
;YEARS TEN'S DIGIT 
lYEARS ONE'S DIGIT 



;timer maximum count 
; timer control byte 



;DATA bit IS BIT 

;CHIP ENABLE BIT IS BIT 1 



OOOB 


168 


BAUD 


EQU 


OBH 


00A2 


169 


XMIT 


EQU 


0A2H 


OOBO 


170 


RCV 


EQU 


OBOH 


OOBl 


171 


RCVI 


EQU 


OBIH 






* CLOCK/RAM 


VALUE 


0000 


175 


CRCTRL 


EQU 


OOH 


0002 


176 


CRCHIP 


EQU 


02H 


008F 


177 


RDSTAT 


EQU 


8FH 


008E 


178 


URSTAT 


EQU 


8EH 


OOBF 


179 


RDCLK 


EQU 


OBFH 


00 BE 


180 


WRCLK 


EQU 


OBEH 




♦ PARITY FOR TRANSMITTER 

164 PARITY EQU OFEH 
■* 

♦ SERIAL PORT VALUES 



5PARITY (BIT 0) IS 'SPACE' 



;BAU0 RATE = 9600 
{TRANSMIT COMMAND 
; RECEIVE COMMAND 
; RECEIVE W/INTERUPT 



;clk/ram control byte 
;clk/ram chip enable byte 
{read clk/ram status 
i write clk/ram status 
;reao clock registers 
;urite clock registers 
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* ■ • , . * 

* INITIALIZATION * 

* * 

* function: 

* this is the start of the demo program. when the 

* microcomputer resets due to power up or a hardware 

* (push button) reset» this code is entered. the 

* initialization consists of clearing all scratch pad 

* registersf setting up the chip enable parametert 

* setting the serial port baud rate and parityf 

* and checking if the clock data is valid. if it is 

* not valid* the routine continues on to set the clock. 

* otherwisef the data is assumed ok. 

* ■ 

* ENTRY status: 

* THE CPU HAS BEEN RESET. 

* EXIT status: 

* IF THE CLOCK DATA IS VALIDt THEN THE ROUTINE EXITS 

* TO THE DATA OK ROUTINE. OTHERWISE, THE ROUTINE 

* EXITS TO THE SET CLOCK ROUTINE. 
* 

* CLEAR SCRATCH PAD 



0000 

0000 70 

0001 OB 

0002 70 
00 3 5C 

0004 OA 

0005 IF 

0006 213F 
008 94F8 



209 


ORG 


OOOOH 


210 


CLR 




211 INIT 


LR 


ISf A 


212 


CLR 




213 


LR 


S»A 


214 


LR 


A, IS 


215 


INC 




216 


NI 


ISMASK 


217 


BNZ 


INIT 



;CLEAR ALL SCRATCH PAD 

;PUT POINTER INTO ISAR 

'.CLEAR THAT LOCATION 

5 

IBUMP POINTER 

SBUMP POINTER 

•MASK TO 6 BITS 

;G0 IF NOT DONE 



OOOA 2002 
OOOC 51 



221 
222 



SET UP CLOCK/RAM SUBROUTINE PARAMETERS. 

;SET CLK/RAM CHIP ENABLE 



LI 
LR 



CRCHIP 
CHIPENfA 



OOOD 200B 
OOOF BC 
0010 20FE 
0012 BE 



INITALIZE SERIAL PORT PARAMETERS. 

JSET SERIAL BAUD RATE 
SET PARITY TO 'SPACE* 



226 


LI 


BAUD 


227 


OUTS 


RXCTRL 


228 


LI 


PARITY 


229 


OUTS 


MSBYTE 



CHECK IF CLOCK/RAM HAS JUST BEEN POWERED UP. IF SOf 
INITIALIZE AND SET THE CLOCK. IF NOT» THEN THE CLOCK 
DATA SHOULD BE VALID. 



0013 2802AE 

0016 47 

0017 F7 

0018 8169 



235 


PI 


STATRO 


236 


LR 


AfCTRL 


237 


NS 


CTRL 


238 


BP 


DATAOK 



;READ CLK/RAM STATUS 

;CHECK WRITE PROTECT BIT 

f 

; BRANCH IF DATA GOOD 
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* CLOCK/RAM JUST POWERED UP f SO INITALIZE IT. 



OOIA 2802B6 
OOID 29006C 



242 
243 



PI STATWR 
JMP SETCLK 



;WRITE CLK/RAM STATUS 
;SET CLOCK 
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0020 

0020 08 

0021 00 

0022 06 

0023 01 

0024 07 



*********************************** 



TIMER INTERRUPT SERVICE ROUTINE 



********************** ****** ******* 



function: 

the timer interrupt service routine is entered every 
time the hardware timer times out (approximately 
every 1/36 seconds.) the timer counter is 

DECREMENTED TO DETERMINE IF 1 SECOND HAS PASSED 
SINCE THE LAST SCREEN UPDATE. IF NOTf THE ROUTINE 
TERMINATES. IF S0» NEW DATA IS READ FROM THE CLOCK/ 
RAM AND THE SCREEN IS UPDATED. 

ENTRY status: 

THE TIMER HAS TIMED OUT. 

EXIT status: 

IF 1 SECOND HAS NOT PASSEDf THEN THE COUNTER IS 
DECREMENTED. OTHERWISEt THE COUNTER IS RESET AND 
THE NEW TIME IS READ FFROM THE CLOCK/RAM AND 
PRINTED. 



SAVE STACK 



SECOND HAS PASSED SINCE LAST INTERRUPT. 



269 


ORG 


0020H 


270 


LR 


K,P 


271 


LR 


A«KU 


272 


LR 


QUfA 


273 


LR 


A»KL 


274 


LR 


QLf A 


* 


CHECK IF 1 


SECOND 


278 


DS 


TIMCNT 


279 


BNZ 


FINISH 



0025 36 278 DS TIMCNT ;DECREMENT COUNT 

0026 941C 279 BNZ FINISH ;BRANCH IF NOT ZERO 

* 

* IT HASf SO RESET COUNTER* READ NEW CLOCK DATA AND 

* DISPLAY IT. 
* 

0028 2024 
002A 56 
0028 2802C1 
002E 2801A4 
0031 2801C0 
0034 2801CC 
0037 2801F7 
003A 2A05EB 
003D 28029F 



0040 2081 

0042 BD 

0043 IB 

0044 OD 



284 






LI 


MAXCNT 


;R£SET COUNT 


285 






LR 


TIMCNTtA 




286 






PI 


CLKRD 


;R£AD CLOCK REGISTERS 


287 






PI 


AMPMOT 


;PRINT AM/PM MESSAGE 


288 






PI 


OAYOT 


fPRINT DAY 


289 






PI 


DATEOT 


;PRINT DATE 


290 






PI 


TIMEOT 


t PRINT TIME 


291 






DCI 


HOME 


;SEND CURSOR HOME 


292 






PI 


OUTKSG 






* 


PUT 


SERIAL 


PORT BACK 


IN RECEIVE MODE AND RETURN 




* 


FROM 


INTERRUPT. 




297 






LI 


RCVI 


TEMABLE RCV INTERUPT 


298 






OUTS 


RXSTAT 




299 


FINISH 


EI 




♦.ENABLE INTERUPTS 


300 






LR 


PCG 


;return 
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************************************** 



* RECEIVER INTERRUPT SERVICE ROUTINE * 



***ir*********************4******1k***** 



FUNCTION: 

THE RECEIVER INTERRUPT SERVICE ROUTINE IS ENTERED 

EVERY TIME A CHARACTER IS RECEIVED IN THE SERIAL 

PORT. THE CHARACTER IS CHECKED FOR 'DCS* (CONTROL 

S). IF NOT A 'CCS', THEN THE ROUTINE IS TERMINATED. 

OTHERWISE! THE USER IS ALLOWED TO SET THE CLOCK 

VALUES. 

ENTRY status: 

A CHARACTER HAS BEEN RECEIVED FROM THE KEYBOARD- 
EXIT status: 

IF THE CHARACTER WAS NOT A »DC3"f THEN A RETURN 
FROM INTERRUPT IS DONE. OTHERWISEt THE ROUTINE 
EXITS TO THE SET CLOCK ROUTINE. 



0060 

0060 08 

0061 00 

0062 06 

0063 01 

0064 07 



0065 280287 
0068 2513 
006A 9408 



324 
325 
326 
327 
328 
329 



ORG 


0060H 


LR 


K»P 


LR 


AfKU 


LR 


QUyA 


LR 


AfKL 


LR 


QLfA 



SAVE STACK 



CHECK FOR 'DCS* FROM KEYBOARD. SET THE CLOCK IF 
THIS KEY FOUND. 




334 


PI 


INCHR2 


;GET CHARACTER 


335 


CI 


DC3 


;CHECK FOR 'DCS* 


336 


BNZ 


FINISH 


;BRANCH IF NOT 



♦ WAS 'DCS'i SO FALL THROUGH TO SET CLOCK. 
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***************** 



* SET THE CLOCK * 



**************** 



* function: 

* this routine allows the user to set the clock and 

* calendar settings. 

• .■*■•. 

* ENTRY status: 

* EITHER THE CLOCK DATA WAS INVALID AT POWER UP OR 

* THE USER ENTERED A 'DCS' FROM THE KEYBOARD. 

ik 

* EXIT STATUS: 

* ALL CLOCK/CALENDAR SETTINGS ARE SET. 

Ar 

006C 68 357 SETCLK LISL SECOND. AND. 7 ;POINT TO CLOCK BUFFER 

006D 62 358 LISU SECOND. SHR. 3 ; 

006E 2aOOAB 359 PI DAYIN ;SET DAY OF WEEK 

0071 280126 360 PI DATEIN ;SET DATE IN CALENDAR 

0074 280096 361 PI MODEIN ;S£T 12/24 HOUR MODE 

0077 8104 362 BP SETl ;8RANCH IS 24 HOUR MODE 

0079 2800BC 363 PI AMPMIN ;S£T AM/PM FLAG 

007C 28OOD0 364 SETl PI TIMEIN ;SET TIME IN CLOCK 

007F 2802C9 365 PI CLKWR ;WRITE DATA TO CLOCK 

* ■ 

* CLOCK NOW SET* SO FALL THROUGH TO START INTERRUPTS* 
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************************* 

* * 

* SET UP FOR INTERRUPTS * 

*r * 

* 

* function: 

* THIS ROUTINE INITIALIZES THE TIMER AND SERIAL PORT 

* AND EN/JBLES INTERRUPTS. 

* 

* ENTRY status: 

* EITHER THE DATA WAS VALID AT POWER UPt OR THE CLOCK 

* HAS JUST BEEN SET. 



0082 70 

0083 87 

0084 2024 

0086 56 

0087 20EA 

0089 B6 
008A 2A02DF 
008D 28029F 

0090 2081 

0092 BD 

0093 IB 

0094 90FF 



386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 



EXIT 

THE 



status: 

TIMER AND RECEIVER INTERRUPTS ARE THE ONLY EXIT. 



DATAOK 



STOP 



CLR 

OUTS TIMER 



LI 
LR 
LI 



PI 
LI 



MAXCNT 
TIMCNTf A 
TMCTRL 

OUTS TICTRL 

DCI SI6N0N 
OUTMSG 
RCVI 

OUTS RXSTAT 

EI 

BR STOP 



VCLEAR TIMER 

? 

;SET COUNTER 

? 

;S£T TIMER CONTROL 

5 

;PRINT FEATURES 

» 

;enable rcv interrupt 

5 

; ENABLE INTERRUPTS 
;WAIT FOR INTERRUPT 
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* - ■ * 

* 12/24 HOUR MODE IMPUT SUBROUTINE * 

* * 

* 

* function: 

1 * this subroutine asks the user if the mode is to be 

* 12 or 24 hour format. the answer is acqufredf and 

* the proper mode is set. 

* ■ 

* ENTRY status: 

* NONE. 

* 

* EXIT status: 

* THE MODE IS SET FOR 12 OR 24 HOUR OPERATION. 



0096 OS 

0097 00 

0098 06 

0099 01 
009A 07 
009B 2A0611 
009E 28029F 
00 Al 6 A 
00A2 280234 
00A5 15 
00A6 13 
00A7 13 
O0A8 13 
00A9 5C 
OOAA OD 



416 MODEIN 


LR 


KfP 


iSAVE STACK 


417 


LR 


A«KU 


1 


418 


LR 


QUfA 


' '■ 


419 


LR 


AfKL 


■ - 


420 


LR 


QLfA 


; 


421 


DCI 


MODMSG 


iPRINT MODE MESSAG 


422 


PI 


OUTMSG 


; 


423 


LISL 


HOUR. AND. 7 


IPOINT TO HOURS 


424 


PI 


DIGIT2 1 


GET DIGIT CO-1) 


425 


SL 


4 


;PUT INTO BIT 7 


426 


SL 


1 


1 


427 


SL 


1 


' 


428 


SL 


1 


1 


429 


LR 


Sf A 


'STORE IT AT HOURS 


430 


LR 


POfQ 


; RETURN 
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************************ 

* * 

* DAY INPUT SUBROUTINE * 

* * 
************************ 
* 

* function: 

* this subroutine asks the user FOR THE DAY AND 

* INPUTS THE ANSWER. 

■•*.'■ 

* ENTRY status: 

* NONE. 

* 

* EXIT status: 

* THE DAY OF THE WEEK IS IN THE DAY BUFFER. 
* 

OOAB 08 448 DAYIN LR KtP tSAVE STACK 

OOAC 00 449 

OOAD 06 450 

OOAE 01 451 

OOAF 07 452 

OOBO 2A05F0 453 OCI DAYHSG JPRINT DAY MESSAGE 

00B3 28029F 454 

00B6 68 455 LISL DAY.AND.7 TPOINT TO DAY 

00B7 280222 456 PI DIGIT7 ; GET DIGIT (1-7) 

OOBA 5C 457 LR SfA ;STORE IT AT DAY 

OOBB OD 458 LR POtQ TRETURN 



LR 


KfP 


LR 


Af KU 


LR 


QU«A 


LR 


A,KL 


LR 


QL«A 


OCI 


DAYHSG 


PI 


OUTMSG 


LISL 


DAY. AND 


PI 


DIGIT7 


LR 


S,A 


LR 


POtQ 
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********************************* 



* AM/PM SELECT INPUT SUBROUTINE * 



****«**4; ****** ***«******«*«*-***** 



function: 

this subroutine asks the user for the am or^ pm 
setting. the answer is ac quired and the proper mode 
is set. this routine is called in the 12 hour 
mode only. 

ENTRY status: 
NONE. 



EXIT 
THE 



status: 

AM/PM FLAG IS SET OR RESET IN THE HOUR BUFFER. 



OOBC 08 

OOBD 00 

OOBE 06 

OOBF 01 

OOCO 07 

OOCl 2A0631 

00C4 28029F 

00C7 6A 

00C8 280234 

OOCB 15 

OOCC 13 

OOCD EC 

OOCE 5C 

OOCF OD 



478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 



AMPMIN LR KfP 

AfKU 

QUf A 

Af KL 

QLf A 

AMPMSG 

OUTMSG 
LISL H0UR.AND.7 
PI DIGIT2 

4 

1 

S 

S,A 

POfQ 



LR 

LR 

LR 

LR 

LR 

OCI 

PI 



SL 
SL 
XS 
LR 
LR 



SAVE STACK 



PRINT AM/PM MESSAGE 

POINT TO HOURS 
GET DIGIT CO-1) 
PUT INTO BIT 5 



STORE IT AT HOURS 
RETURN 
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**********< 



It4r****1t*** ** * 



* TIME INPUT SUBROUTINE * 



************************* 



function: 

THIS subroutine ASKS THE USER FOR THE TIME. IT 
INPUTS THE TIME AND SETS THE CLOCK UP ACCORDINGLY. 
THE TIME IS INPUT IN THE HR:MIN:SEC FORMAT. LEADING 
ZEROS MUST BE INPUT. 

ENTRY status: 
NONE. 

EXIT status: 

THE TIME OF DAY IS SET IN THE HOURf MINUTEf AND 
SECOND BUFFER. 



OODO 08 

OODl 00 

00D2 06 

00D3 01 

00D4 07 

0005 2A064d 

00D8 28029F 



512 


TIMEIN 


LR 


KfP 


513 




LR 


AfKU 


514 




LR 


QUtA 


515 




LR 


A»KL 


516 




LR 


QLfA 


517 




DCI 


TIMMSG 


518 




PI 


OUTMSG 



SAVE STACK 



PRINT TIME MESSAGE 



00D8 6A 

OODC 4C 

OOOD FC 

OODE 8115 



* CHECK IF 12 OR 24 HOUR MODE. 



522 


LISL 


H0UR.AND.7 


523 


LR 


A,S 


524 


NS 


S 


525 


BP 


H0UR24 



IPOINT TO HOURS 

; CHECK IF 24 HOUR MODE 

f 

fBRANCH IF SO 




* 12 HOUR MODEf SO VALID HOURS ARE 01-12. 



OOEO 280234 
00E3 840B 
00E5 15 
00E6 EC 
0E7 5C 
00E8 280239 
OOEB EC 
OOEC 5C 
OOED 9018 
OOEF 28022A 
00F2 90F8 



529 


PI 


DIGIT2 


530 


BZ 


HOUROX 


531 


SL 


4 


532 


XS 


S 


533 


LR 


S,A 


534 


PI 


DIGIT3 


535 HOURl 


XS 


S 


536 


LR 


S,A 


537 


BR 


MIN 


538 HOUROX 


PI 


DIGIT9 


539 


BR 


HOURl 



GET DIGIT (0-1) 
;BRANCH IF ENTERED 
ISTORE IT AT TENS 



;GET DIGIT (0-2) 
ISTORE IT AT UNITS 
f 

;G0 TO MINUTES 

;get digit (1-9) 
istore it and continue 



* 24 HOUR MODEf SC VALID HOURS ARE 00-23. 



00F4 280239 
00F7 15 
00F8 5C 
00F9 2520 
OOFB 8408 
OOFD 28024D 
0100 EC 



543 H0UR24 


PI 


DIGIT3 


544 


SL 


4 


545 


LR 


Sf A 


546 


CI 


TWC.SHL.4 


547 


BZ 


H0UR2X 


548 


PI 


DIGITO 


549 H0UR2 


XS 


S 



I GET DIGIT (0-2) 

ISTORE IT AT TENS 

I 

ISEE IF DIGIT WAS ^2^ 

IBRANCH IF SO 

I GET DIGIT (0-9) 

ISTORE IT AT UNITS 
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0101 


5C 


0102 


9006 


0104 


28023E 


0107 


90F8 


0109 


28026A 


OlOC 


69 


OlOD 


280243 


Olio 


15 


0111 


5C 


0112 


28024D 


0115 


EC 


0116 


5C 


0117 


28026A 


OllA 


68 


OllB 


280243 


OllE 


15 


OllF 


5C 


0120 


28024D 


0123 


EC 


0124 


5C 


0125 


00 



550 LR S»A ; 

551 BR MIN ;G0 TO MINUTES 

552 H0UR2X PI 0IGIT4 ; GET DIGIT (0-3) 

553 BR H0UR2 ; STORE AND CONTINUE 

* 

* VALID MINUTES ARE 00-59. 
* 

557 MIN PI OUTCOL 5PRINT COLON SEPARATOR 

558 LISL MINUTE.AND.7 ;POINT TO MINUTES 

559 PI 0IGIT6 ;GET DIGIT (0-5) 

560 SL 4 ; STORE IT AT TENS 

561 LR Sf A ; 

562 PI OIGITO ;GET DIGIT CO-9) 

563 XS S ; STORE IT AT UNITS 

564 LR S,A ; 
♦ 

* VALID SECONDS ARE 00-59 
* 

568 PI OUTCOL ;PRINT COLON SEPARATOR 

569 LISL SECOND. AND. 7 iPOlNT TO SECONDS. 

570 PI DIGIT6 IGET DIGIT CO-5) 

571 SL 4 ; STORE IT AT TENS 

572 LR Sf A r 

573 PI DIGITO IGET DIGIT (0-9) 

574 XS S ; STORE IT AT UNITS 

575 LR SfA ; 

576 LR POfQ IRETURN 
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* » 

* DATE INPUT SUBROUTINE * 

* * 
************************* 

* 

* function: 

* THIS SUBROUTINE ASKS THE USER FOR THE DATE. IT 

* INPUTS THE DATE AND SETS THE CALENDAR ACCORDINGLY. 

* THE DATE IS INPUT IN THE YR:MNTH:DAY FORMAT. 

* LEADING ZEROS MUST BE INPUT. 
* 

* ENTRY status: 

* NONE. 
* 

* EXIT status: 

* THE DATE IS IN THE YEARf MONTHf AND DATE BUFFER. 



0126 


08 


596 


DATEIN 


LR 


K»P 


;SAVE STACK 


0127 


00 


597 






LR 


AfKU 




0128 


06 


598 






LR 


QUtA 




0129 


01 


599 






LR 


A»KL 




012A 


07 


600 






LR 


QLtA 




012B 


2A05FD 


601 






OCI 


DATMSG 


; PRINT DATE MESSAGE 


012E 


28029F 


602 






PI 


OUTMSG 










♦ 


VALID 


YEARS ARE 00-99. 




0131 


6E 


606 






LISL 


YEAR. AND. 7 


;POINT TO YEAR 


0132 


28024D 


607 






PI 


OIGITO 


;GET DIGIT <0-9) 


0135 


15 


608 






SL 


4 


; STORE IT AT TENS 


0136 


5C 


609 






LR 


S,A 


; 


0137 


28024D 


610 






PI 


DIGITO 


5GET DIGIT (0-9) 


013A 


EC 


611 






XS 


S 


;STOR£ IT AT UNITS 


013B 


5C 


612 






LR 


S«A 


; 








* 


VALID 


MONTHS ARE 01-12 


. 


013C 


28026A 


616 






PI 


OUTCOL 


;PRINT COLON SEPARA 


013F 


6D 


617 






LISL 


MONTH. AND. 7 


;POINT TO MONTH 


0140 


280234 


618 






PI 


DIGIT2 


;G£T DIGIT CO-1) 


0143 


15 


619 






SL 


4 


;STORE IT AT TENS 


0144 


5C 


620 






LR 


S,A 


S 


0145 


8408 


621 






BZ 


MNTHOX 


;BRANCH IF DIGIT IS 


0147 


280239 


622 






PI 


DIGITS 


;G£T DIGIT (0-2) 


014A 


EC 


623 


MONTHl 


XS 


S 


;STORE IT AT UNITS 


014B 


5C 


624 






LR 


S#A 


5 


014C 


9006 


625 






BR 


DDATE 


;G0 TO DATE 


014E 


28022A 


626 


MNTHOX 


PI 


DIGIT9 


;get digit ci-9) 


0151 


90F8 


627 






BR 


MONTHl 


; STORE and continue 




•0» 



CHECK MONTH. IF MONTH IS FEBROARYt ALLOW 28 OR 
29 DAYS IN THE MONTH. IF MONTH IS APRIL* JUNEf 
SEPTEMBER OR NCVEMBERf ALLOW 30 DAYS IN THE 
MONTH. FOR OTHER MONTHSf ALLOW 31 DAYS. 



0153 28026A 



634 DOATE 



PI 



OUTCOL 



IPRINT COLON SEPARATOR 
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LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 



0156 4E 

0157 2502 
0159 842F 



635 


LR 


AfC 


636 


CI 


FEB 


637 


B2 


FE8XX 



;GET MONTHf POINT DATE 
;CHECK IF 'FEBRUARY' 

;branch if SO 



* NOT FEBRUARYf SO ALLOW 30 OR 31 DAYS. 



0158 28023E 

OlSE 15 

015F 5C 

0160 840B 

0162 2530 

0164 840C 

0166 280240 

0169 EC 

016A 5C 

016B OD 

016C 28022A 

016F 90F9 



641 




PI 


DIGIT4 


642 




SL 


4 


643 




LR 


StA 


644 




BZ 


OAYOX 


645 




CI 


THREE«SHL*4 


646 




BZ 


DAY3X 


647 


D0ATE3 


PI 


DI6IT0 


648 


DDATEl 


XS 


S 


649 




LR 


S,A 


650 




LR 


POfQ 


651 


DAYOX 


PI 


DIGIT9 


652 




BR 


DDATEl 



;GET DIGIT (0-3) 

ISTORE IT AT TENS 

? 

;BRANCH if DIGIT WAS 

;CHECK IF DIGIT WAS »3» 

•BRANCH IF SO 

5GET DIGIT (0-9) 

;STORE IT AT UNITS 

; RETURN 

;get digit (1-9) 
;store and return 



* CHECK FOR APRILf JUNEt SEPTEMBER AND NOVEMBER. 



0171 6D 

0172 2004 

0174 55 

0175 4E 

0176 2A02DB 

0179 ao 

017A 8409 
017C 35 
017D 94FB 
017F 280234 



656 0AY3X 


LISL 


MONTH. AN 


657 


LI 


4 


658 


LR 


DCOUNTfA 


659 


LR 


A»0 


660 


DCI 


TA830 


661 DLOOP 


CM 




662 


BZ 


DAY30 


663 


DS 


DCOUNT 


664 


BN2 


DLOOP 


665 


PI 


0IGIT2 



;L00P COUNT = 4 

5 

;G£T month* POINT DATE 

;POINT TO 30-DAY TABLE 

;CH£CK IF IN TABLE 

;branch if SO 

50ECREMENT COUNT 

; BRANCH IF NOT DONE 

;GET DIGIT (0-1) 



0182 90E6 



* 31 DAY MONTH* SO ALLOW DAYS OF 01-31. 

* 

669 BR DDATEl ; STORE AND RETURN 

* 

* 30 DAY MONTH* SO ALLOW DAYS OF 01-30. 



0184 28022F 
0187 90E1 



673 
674 



OAY30 



PI 
BR 



0I6IT1 
DDATEl 



;GET DIGIT (0) 
ISTORE AND RETURN 



* FEBRUARY* SO ALLOW 28 OR 29 DAYS. 



0189 280239 
018C 15 
018D 5C 
018E 84DD 

0190 2520 
0192 9403 



678 FEBXX 


PI 


DIGITS 


679 


SL 


4 


680 


LR 


S*A 


681 


BZ 


OAYOX 


682 


CI 


TW0.SHL.4 


683 


BN2 


00ATE3 



IGET DIGIT (0-2) 

;ST0RE IT AT TENS 

t 

;BRANCH IF DIGIT WAS 

;CHECK IF DIGIT WAS »2» 

IBRANCH IF NOT 



* CHECK IF IT IS A LEAP YEAR. 



0194 6E 

0195 4C 

0196 6C 

0197 2113 
0199 84CC 



687 
688 
689 
690 
691 



LISL YEAR.AND.7 

LR A*S 

LISL DATE. AND. 7 

NI LEAP! 

BZ DDATE3 



;P0INT TO YEAR 
IGET YEAR 
IPOINT TO DATE 
•CHECK IF LEAP YEAR 
IBRANCH IF IT IS 
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F8/3370 MACRO CROSS ASSM. V2.2 



LOC OBJ.COOE 



STMT-NR SOURCE-STMT PASS2 DEMO 



DEMO 



DEMO 



ABS 



019B 2312 
0190 84C8 



692 
693 



XI 

BZ 



LEAP2 
0DATE3 



;CHECK AGAIN 

;branch if IT IS 



* NOT A LEAP YEARf SC ALLOW DAYS OF 01-28* 



019F 280248 
01A2 90C6 



697 

698 



PI 

BR 



0IGIT8 

DOATEl 



JGET DIGIT (0-8) 
; STORE AND RETURN 
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********************** * * •* * 



* AM/PM PRINT SUBROUTINE * 



********************* ****ik' 



* function: 

* THIS subroutine PRINTS THE MESSAGE 'GOOD MORNING* 

* IF THE AM/PM BIT IS CLEARf OR »GOOD AFTERNOOD* IF 

* THE AM/PM BIT IS SET. 

* 

* ENTRY status: 

* THE MODE AND AM/PM BITS MUST BE IN THE HOUR BUFFER. 
* 

* EXIT STATUS: 

* IF THE MODE IS 12 HOURf THEN THE •GOOD MORNING* OR 

* •GOOD AFTERNOON* MESSAGE WAS PRINTED (DEPENDING ON 

* THE STATUS OF THE AM/PM BIT.) OTHERWISE* THE FIRST 

* LINE OF THE CRT WAS BLANKED. 
* 

01A4 08 720 AMPMOT LR KfP ; SAVE STACK 

01A5 2A0512 721 DGI GOODPT ;CURSOR TO LINE 1 

01A8 28029F 722 PI OUTMSG ; 

♦ 

* CHECK IF IN 12 OR 24 HOUR MODE. SKIP THIS 

* ROUTINE IF 24 HOUR MODE. 
* 

OlAB 6A 
OlAC 4C 
OlAD FC 
OlAE 8110 

* 

* 12 HOUR MODEf SO CHECK AM/PM FLAG. PRINT '6000 

* MORNING* IF AM» *600D AFTERNOON* IF PM. 
* 

OIBO 13 735 SL 1 JCHECK AM/PM FLAG 

OlBl 13 736 SL 1 

01B2 8106 737 BP AMPMl ;BRANCH IF AM 

01B4 2A0527 738 DGI GDAFTR IPOINT TO PM MSG 

01B7 9004 739 BR AMPM2 ICONTINUE 

01B9 2A0519 740 AMPMl DGI GDMORN ;POINT TO AM MSG 

OIBG 28029F 741 AMPM2 PI OUTMSG ;PRINT MESSAGE 

OIBF OC 742 MLTRYl PK ;RETURN 



727 


LISL HOUR. AND. 7 


;POINT TO HOURS 


728 


LR AfS 


5CHECK 12/24 HOUR BIT 


729 


NS S 


;S£T FLAGS 


730 


BP MLTRYl 


5BRANCH IF 24 HOUR 



V-76 



CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
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************************ 

* * 

* DAY PRINT SUBROUTINE * 

* * 
************ * * ********** 
* 

* function: 

* this subroutine prints the day. 

* 

* ENTRY status: 

* THE DAY OF THE WEEK MUST BE IN THE DAY BUFFER. 

* 

* EXIT status: 

* THE DAY IS PRINTED ON THE CRT. 
* 

OICO 08 759 DAYOT LR K,P ;SAVE STACK 

OlCl 2A0537 760 OCI OAYPT ;CURSOR TO LINE 3 

01C4 28029F 761 PI OUTMSG ; 

01C7 6B 762 LISL DAY. AND. 7 ;POINT TO DAY 

01C8 280295 763 PI FNDCUT ;PRINT DAY MESSAGE 

OICB OC 764 PK TRETURN 
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************************* 

* ■■ * 

* DATE PRINT SUBROUTINE * 

* * 

* 

* function: 

* THIS SUBROUTINE PRINTS THE DATE. 
* 

* ENTRY status: 

* THE DATE MUST BE IN THE YEAR* MONTH* AND DATE 

* BUFFERS, 
* 

* EXIT status: 

* the date is PRINTED ON THE CRT. 



OICC 08 

OICD 2A0576 

OlDO 28029F 

01D3 6D 



782 


DATEOT 


LR 


KfP ;SAVE STACK 


783 




DCI 


DATEPT ;CURSOR TO LINE 


784 




PI 


OUTKSG ; 


785 




LISL 


M0NTH.AND.7 ;POINT TO MONTH 



* MAKE BCD MONTH BINARY. 



0104 4C 

01D5 2110 

01O7 4C 

01D8 8405 

OlDA 210F 

OlDC 240A 

OlDE 5C 



789 




LR 


A,S 


IGET MONTH 


790 




NI 


TENBCD 


;S£E IF MONTH > 9 


791 




LR 


A,S 


;RECALL MONTH 


792 




BZ 


DATEl 


;branch IF <= 9 


793 




NI 


MNLSD 


;K£EP ONLY LSD 


794 




AI 


TEN 


;aod 10 


795 


DATEl 


LR 


Sf A 


;PUT IT ALL BACK 



FIND MONTH IN MESSAGE AREA AND PRINT IT. 
THEN PRINT DATE AND YEAR. 



OlDF 


280295 


01E2 


6C 


01E3 


280278 


01E6 


28027E 


01E9 


2A05DF 


OlEC 


28029F 


OlEF 


6E 


OlFO 


280278 


01F3 


28027E 


01F6 


OC 



800 


PI 


FNdOUT 


1 PR I NT MONTH 


801 


LISL 


DATE. AND. 7 


;POINT TO DATE 


802 


PI 


OUTMSD 


IPRINT DATE 


803 


PI 


OUTLSD 


; 


804 


DCI 


SEPAR 


;PRINT SEPARATI 


805 


PI 


0UTMS6 


; 


806 


LISL 


YEAR. AND. 7 


;POINT TO YEAR 


807 


PI 


OUTMSD 


;PRINT YEAR 


808 


PI 


OUTLSD 


1 


809 


PK 




; RETURN 
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************************* 

* * 

* TIME PRINT SUBROUTINE ♦ 

* * 
************************* 
* 

* function: 

* this subroutine prints the time. 

* 

* ENTRY status: 

* THE TIME MUST BE IN THE HOURt MINUTEf AND SECOND 

* BUFFERS. 

* ■ , 

* EXIT status: 

* THE TIME IS PRINTED ON THE CRT. 



01F7 08 
01F8 2A05E4 
OlFB 28029F 



827 
828 
829 



TIMEOT 



LR 

DCI 
PI 



K,P 
TIMEPT 

OUTMSG 



;SAVE STACK 
;CURSOR TO LINE 7 



CHECK 
FLAGS 



IF 12 OR 24 HOUR MODE. FOR 12 HOUR MODEi 
MUST BE STRIPPED FROM HOURS BYTE. 



OlFE 6A 
OlFF 4C 

0200 FC 

0201 8105 

0203 4C 

0204 211F 
0206 5C 



834 
835 
836 
837 
838 
839 
840 



LISL HOUR. AND. 7 ;POINT TO HOURS 

LR AtS ;CHECK 12/24 HOUR BIT 

NS s ; 

BP MLTRY2 iBRANCH IF 24 HOUR 

LR A,S ; STRIP FLAGS FROM HOURS 

NI HRIMSD+HRLSD ; 

LR S«A ; 



* PRINT HOURSf MINUTES AND SECONDS. 




0207 


280278 


020A 


28027E 


020D 


28026A 


0210 


69 


0211 


280278 


0214 


28027E 


0217 


28026A 


021A 


68 


021B 


280278 


021E 


28027E 


0221 


OC 



844 MLTRY2 


PI 


845 


PI 


846 


PI 


847 


LISL 


848 


PI 


849 


PI 


850 


PI 


851 


LISL 


852 


PI 


853 


PI 


854 


PK 



OUTMSD ;PRINT HOURS 

OUTLSD ; 

OUTCOL ;PRINT COLON 

MINUTE. AND. 7 IPOINT TO MINUTES 

OUTMSD ;PRINT MINUTES 

OUTLSD 1 

OUTCOL IPRINT COLON 

SECOND. AND. 7 ;POINT TO SECONDS 

OUTMSD ;PRINT SECONDS 

OUTLSD ; 

;return 
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A*"*** ******************* 

* GET DIGIT SUBROUTINE * 

* ' ' ' ' * 
************************ 

'■■■■..* 

* function: 

* THIS subroutine* WITH ITS VARIOUS ENTRY POINTS* 

* GETS A DIGIT FROM THE KEYBOARD AND ECHOCS IT TO THE 

* CRT. 

* ENTRY status: 

* THE RANGE IS SPECIFIED BY A CALL TO THE APPROPRIATE 

* ENTRY POINT. 

* ■ , . 

* NORMAL EXIT STATUS: 

* THE DIGIT IS ECHOED TO THE CRT* AND RETURNED 

* IN A AS A BINARY VALUE. 

* . 

* ERROR EXIT STATUS: 

* THE CHARACTER IS NOT ECHOED TO THE CRT* AND THE 

* ROUTINE LOOPS BACK FOR ANOTHER CHARACTER UNTIL 

* A CHARACTER THAT IS IN THE RANGE IS INPUT. 
* 

* GET DIGIT (1-7) SUBROUTINE 
, . * 

0222 08 882 DIGIT? LR K*P ;SAVE STACK 

0223 2007 883 LI SEVEN ;COUNT = 7 

0225 2A02D2 884 DOT DCI TAB19 ;POINT TO SECOND TABLE 

0228 902A 885 BR DIGITT ; GO GET A DIGIT 

■,,■*■', 

* GET DIGIT (1-9) SUBROUTINE 
* 

022A 08 889 DIGIT9 LR K*P ;SAVE STACK 

022B 2009 890 LI NINE ICOUNT =9 

022D 90F7 891 BR DGT ; GO GET A DIGIT 

* 

* GET DIGIT (0) SUBROUTINE 
■ * 

022F 08 895 DIGITl LR K*P ;SAVE STACK 

0230 2001 896 LI ONE ;COUNT = 1 

0232 901D 897 BR DIGIT iGO GET A DIGIT 

' ■* 

* GET DIGIT (0-1) SUBROUTINE 
\, ■ * 

0234 08 901 DIGIT2 LR K»P ;SAVE STACK 

0235 2002 902 LI TWO 'tCOUNT = 2 
0237 9018 903 BR DIGIT ;G0 GET A DIGIT 

• ■ * ' 

* GET DIGIT (0-2) SUBROUTINE 

* ' 

0239 08 907 DIGIT3 LR K*P ISAVE STACK 

023A 2003 908 LI THREE ;COUNT = 3 

023C 9013 909 BR DIGIT IGO GET A DIGIT 

* 

* GET DIGIT (0-3) SUBROUTINE 
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023E 


08 


913 


DIGIT4 


LR 


K»P 


;SAVE STACK 


023F 


2004 


914 




LI 


FOUR 


;COUNT = 4 


0241 


900E 


915 




BR 


DIGIT 


;60 GET A DIGIT 








* GET 


DIGIT 


(0-5) 


SUBROUTINE 


0243 


08 


919 


DIGIT6 


LR 


KfP 


ISAVE STACK 


0244 


2006 


920 




LI 


SIX 


••COUNT = 6 


0246 


9009 


921 




BR 


DIGIT 


;G0 get a DIGIT 








* GET 


DIGIT 


(0-8) 


SUBROUTINE 


0248 


08 


925 


DIGIT8 


LR 


KfP 


;SAVE STACK 


0249 


2009 


926 




LI 


NINE 


;COUNT = 9 


024B 


9004 


927 


* 

* GET 


BR 
DIGIT 


DIGIT 
(0-9) 


;go get a digit 


024D 


08 


931 


DI6IT0 


LR 


KfP 


;SAVE STACK 


024E 


200A 


932 




LI 


TEN 


;C0UNT = 10 


0250 


2A02D1 


933 


DIGIT 


DC I 


TAB09 


IPOINT TO 0-9 TABLE 



0253 54 


938 


DIGITT 


LR 


CNTSAVf A 


0254 11 


939 




LR 


HfDC 


0255 55 


940 


DGTBAD 


LR 


DCOUNTf A 


0256 10 


941 




LR 


DCfH 


0257 280283 


942 




PI 


INCHR 


025A 80 


943 


DGTLOP 


CM 




025B 8407 


944 




BZ 


DGTOK 


025D 35 


945 




DS 


DCCUNT 


025E 94FB 


946 




BNZ 


DGTLOP 


0260 44 


947 




LR 


AfCNTSAV 


0261 90F3 


948 




BR 


DGTBAD 



SAVE COUNT AND POINTER IN CASE A CHARACTER IS 
ENTERED WHICH IS NOT WITHIN RANGE. 

;SAVE COUNT FOR ERROR 
;SAVE POINTER FOR ERROR 
;SAVE COUNT 
;POINT TO TABLE 
;GET a CHARACTER 

;see if it is in table 
;branch if it is 
•decrement count 
;branch if not done 
;reset counter 
;try again 

* 

* got a valid CHARACTERf SO ECHO IT TO SCREEN 

* AND MAKE IT BINARY. 




0263 


28026D 


953 DGTOK 


PI 


OUTCHR 


lECHO CHARACTER 


0266 


43 


954 


LR 


AfTEMP 


;MAKE IT BCD 


0267 


210F 


955 


NI 


LSD 


• 


0269 


OC 


956 


PK 




;return 
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****** * * * * ******* ***** ***** * * * * 



♦ CHARACTER OUTPUT SUBROUTINE * 



026A 203A 
026C 33 



026D 20A2 
026F BD 

0270 43 

0271 13 

0272 BF 

0273 AD 

0274 13 

0275 81F0 
0277 IC 



0278 4C 

0279 14 
027A 2230 
027C 90EF 



027E 4C 
027F 210F 
0281 90F8 



******************************* 

* 

* function: 

* this subroutinet with its various entry pointst 

* outputs the specified character to the crt. 

* 

* ENTRY status: 

* THE CHARACTER TO BE OUTPUT IS DETERMINED BY THE 

* ENTRY POINT TO THE ROUTINE. 

* 

* EXIT status: 

* THE CHARACTER IS OUTPUT TO THE CRT. 
* 

* OUTPUT COLON SUBROUTINE 



977 
978 



OUTCOL 



LI 

LR 



•:» 

TEMPf A 



;L0AD COLON INTO TEMP 



* CHARACTER OUTPUT SUBROUTINE 

* 

* THE CHARACTER IS OUTPUT FROM REGISTER TEMP. 

* 

;PUT INTO XMIT MODE 



;get character 
;start bit = 

TSEND IT 

IWAIT TILL IT»S SENT 



;R£TURN 
* 

* OUTPUT MOST SIGNIFICANT DIGIT SUBROUTINE 

* ;■ : 

* THE DIGIT IS OUTPUT FROM BITS 7-4 OF THE BYTE AT 

* THE LOCATION POINTED TO BY ISAR. 



984 


OUTCHR 


LI 


XMIT 


985 




OUTS 


RXSTAT 


986 




LR 


AfTEMP 


987 




SL 


1 


988 




OUTS 


LSBYTE 


989 


LOOPl 


INS 


RXSTAT 


990 




SL 


1 


991 




BP 


LOOPl 


992 




POP 





999 


OUTMSD 


LR 


A,S 


;get MSO 




1000 




SR 


4 


; 




1001 


ASCII 


01 


030H 


5 MAKE IT 


ASCII 


1002 




BR 


CUTCOL+2 


;S£ND IT 


OUT 



* OUTPUT LEAST SIGNIFICANT DIGIT SUBROUTINE 
* 

* THE DIGIT IS OUTPUT FROM BITS 3-0 OF THE BYTE AT 

* THE LOCATION POINTED TO BY ISAR. 



1009 
1010 
1011 



OUTLSD 



LR 

NI 
BR 



AfS 
LSD 
ASCII 



;G£T LSD 

;MAKE IT ASCII AND PRINT 
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****************************** 

* * 

* CHARACTER INPUT SUBROUTINE * 

* * 
****************************** 

* 

* function: 

* THIS subroutine INPUTS A CHARACTER FROM THE 

* KEYBOARD. 
* 

* ENTRY status: 

* NONE. 
* 

* EXIT status: 

* THE CHARACTER IS RETURNED IN A IN ASCII FORMAT. 
* 

0283 20BO 1029 INCHR LI RCV ;PUT INTO RCV MODE 

0285 BD 1030 

0286 AF 1031 INS LSBYTE ;CLEAR READY BIT 

0287 AD 1032 INCHR2 INS RXSTAT ;WAIT TILL INPUT READY 

0288 81FE 1033 

028A AF 1034 INS LSBYTE '.GET BITS 1 AND 

028B 14 1035 

028C 12 1036 

028D 12 1037 

028E 53 1038 LR TEMPfA iSAVE THEM 

028F AE 1039 INS MSBYTE IGET BITS 7 THRU 2 

0290 13 1040 

0291 13 1041 

0292 E3 1042 XS TEMP ;MIX BITS INTO BYTE 

0293 53 1043 LR TEMP, A '.SAVE INPUT 

0294 IC 1044 POP ;RETURN 



LI 


RCV 


OUTS 


RXSTAT 


INS 


LSBYTE 


INS 


RXSTAT 


BP 


INCHR2 


INS 


LSBYTE 


SR 


4 


SR 


1 


SR 


1 


LR 


TEMP, A 


INS 


MSBYTE 


SL 


1 


SL 


1 


XS 


TEMP 


LR 


TEMP, A 


POP 
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* * 

* PRINT MESSAGE SUBROUTINE * 

* * 

* 

* FUNCTION: 

* THIS SUBROUTINE PRINTS THE MESSAGE WHOSE NUMBER IS 

* IN THE LOCATION AT THE POINTER. 
* 

* ENTRY status: 

* ISAR MUST POINT TO THE LOCATION CONTAINING THE 

* NUMBER OF THE MESSAGE TO BE PRINTED. (TYPICALLY 

* THE NUMBER OP THE MONTH OR DAY.) DC MUST POINT TO 

* THE START OF THE STRING OF MESSAGES. EACH MESSAGE 

* MUST END WITH AN »EOT» CHARACTER* 
* 

* EXIT status: 

* THE APPROPRIATE MESSAGE WAS PRINTED ON THE CRT. 

* ■ 

0295 3C 1066 FNDOUT DS S ;DECREMENT MSG COUNT 

0296 8408 1067 BZ OUTMSG JBRANCH IF FOUND 

0298 16 1068 FNDLCP LM ;GET CHARACTER 

0299 2504 1069 CI EOT ;CHECK FOR END OF TEXT 
029B 94FC 1070 BNZ FNDLOP ;BRANCH IF NOT FOUND 
029D 90F7 1071 BR FNDOUT ;ELSEf CHECK COUNT 

■ * ■ 

* MESSAGE LOCATEDf SO FALL THROUGH TO PRINT IT. 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 f'ACRO CROSS ASSM. V2.2 
LOG OBJ. CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 



* * * * ************************* 



* MESSAGE OUTPUT SUBROUTINE * 



********** *«r«**ik^**4r*«**«***** 



* function: 

* THIS SUBROUTINE PRINTS THE MESSAGE STARTING AT THE 

* POINTER. 

* 

* ENTRY status: 

* DC MUST POINT TO THE START OF THE MESSAGE TO BE 

* PRINTED. IT MUST END WITH AN 'EOT* CHARACTER. 

* 

* EXIT status: 

* THE MESSAGE IS PRINTED ON THE CRT. 
* 

029F 20A2 1092 OUTMSG LI XMIT ;PUT INTO XMIT MODE 

02A1 8D 1093 CUTS RXSTAT 

02A2 16 1094 L00P3 LM ;GET CHARACTER 

02A3 2304 1095 CI EOT ;CHECK FOR END OF TEXT 

02A5 84CD 1096 BZ LOCPl 5BRANCH IF END 

02A7 13 1097 SL 1 ;START BIT = 

02A8 BF 1098 OUTS LSBYTE ;S£NT CHARACTER 

02A9 AD 1099 L00P4 INS RXSTAT IWAIT TILL READY FOR NEXT 

02AA 81FE 1100 BP L00P4 ;BRANCH IF NOT READY 

02AC 90F5 1101 BR L0GP3 ;NEXT CHARACTER 




V-85 



CLOCK/RAM DlMONSTRATION MODULE F8/38 70 I^.ACRO CROSS ASSM. V2.2 
LOC OBJ. CODE STMT-NR SOURCE-STMT PASS2 OEMO DEMO DEMO ABS 



*************«**4*«*itr*** ******** 



* CLOCK/RAM SUBROUTINE PATCHES * 



**«**************-************** 4 



* function: 

* these patches are to set up the command register 

* FOR THE CLOCK/RAM SUBROUTINE. THE DIFFERENT ENTRY 

* POINTS SET UP DIFFERENT COMMANDS. 
* 

* ENTRY status: 

* FOR WRITE COMMANOSf THE DATA MUST BE IN THE CLOCK 

* BUFFER AREAS. 



* EXIT status: 

* THE DATA IS TRANSFERR ED BETWEEN SCRATCH PAD AND THE 

* CLOCK/RAM. 

* READ CLOCK/RAM STATUS SUBROUTINE 

* . 

* READ CLOCK/RAM STATUS SUBRUTINE 



02AE 60 


1126 


2AF 6F 


1127 


02B0 208F 


1128 


02B2 52 


1129 


02B3 29FFFF 


1130 



STATRD LISU CTRL.SHR.3 ;POINT TO CTRL REG 

LISL CTRL.AND.7 ; 

LI RDSTAT ;S£T UP COMMAND 

LR CMDf A ; 

JMP CLKRAM ;EXECUTE IT 



WRITE CLOCK/RAM STATUS SUBROUTINE 



02B6 60 


1134 


02B7 6F 


1135 


02B8 208E 


1136 


02BA 52 


1137 


02BB 2000 


1138 


02BD 57 


1139 


02BE 2902B4 


1140 



STATWR LISU CTRL,SHR,3 ;POINT TO CTRL REG 

LISL CTRL.AND.7 ; 

LI WRSTAT VSET UP COMMAND 

LR CMDf A ; 

LI CRCTRL ;SET UP CONTROL BYTE 

LR CTRL»A ; 

JMP CLKRAM ;EXECUTE IT 



♦ READ CLOCK SUBROUTINE 



02C1 62 


1144 


02C2 68 


1145 


02C3 20BF 


1146 


02C5 52 


1147 


02C6 2902BF 


1148 



CLKRO LISU SECOND. SHR. 3 IPOINT TO CLOCK BUFFER 
LISL SECOND. AND. 7 I 
LI RDCLK I SET UP COMMAND 
LR CMDfA ; 
JMP CLKRAM ;EXECUTE IT 



* WRITE CLOCK SUBROUTINE 



02C9 62 


1152 CLK 


02CA 68 


1153 


02CB 20BE 


1154 


02CD 52 


1155 


02CE 2902C7 


1156 



LISU SECOND.SHR. 3 IPOINT TO CLOCK BUFFER 

LISL SEC0ND.AND.7 ; 

LI WRCLK ;SET UP COMMAND 

LR CMDfA ; 

JMP CLKRAM {EXECUTE IT 
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CLOCK/RAM DEMOiyiSTRATION MODULE F8/3870 MACRO CROSS ASSN. V2.2 

LOG OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 



****************** 



* PROGRAM TABLES 



02D1 30 

02D2 31323334 

35363738 

39 



02DB 04060911 



Ir* **************** 



* DIGIT CHECK TABLE 



1166 TAB09 

1167 TAB19 



DEFB •0» 
DEFB 'I'l 



•9» 



02DF 


0C1B592A 
20 


1181 


02E4 


2A2A2A2A 
2A2A2A2A 
2A2A2020 
20202050 
52455345 
4E54494E 
47204D4F 
5354454B 
275320 


1182 


0307 


4E455720 
434C4F43 
4B2F5241 
40205045 
52495048 
4552414C 
20434849 
50202020 
2020 


1183 


0329 


2A2A2A2A 
2A2A2A2A 
2A2A 


1184 


33 3 


OOQAOAOA 


1185 


0337 


46454154 
55524553 

3A 


1186 


0340 


ODOAOA 


1187 


0343 


2A20434D 
4F532044 
45534947 
4E20464F 


1188 



* TABLE OF 30 DAY MONTHS 
* 

1171 TAB30 DEFB 4f6f9,llH 
* 
******************** 

* * 

* PROGRAM MESSAGES * 

* * 
******************** 
* 

* FEATURES MESSAGE 

* 

1181 SIGNON DEFB FF»ESC» • Y« * • *• t • • 

DEFM *********** PRESENTING MOSTEK»S • 




DEFM ^NEW CLOCK/RAM PERIPHERAL CHIP 



DEFM »********♦*• 



DEFB CRfLF,LFtLF 
DEFM 'FEATURES:* 



DEFB CRfLFfLF 

DEFM •♦ CMOS DESIGN FOR EXTREMELY LOW POWER* 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2«2 
LOC OBJ^COOE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 



0368 



375 
0377 



0390 



03B6 
03B8 



03DD 



03FE 

0405 
0407 



52204558 

5452454D 

454C5920 

4C4F5720 

504F5745 

52 

20434F4E 

53554050 

54494F4E 

2E 

000 A 

2A204153 

594E4348 

524F4E4F 

55532053 

45524941 

4C20434F 

4D4D554E 

49434154 

494F4E20 

4154 

20564952 

5455414C 

4C592041 

4E592042 

41554420 

52415445 

2E 

ODOA 

2A203132 

2F323420 

484F5552 

20434C4F 

434B2F43 

414C454E 

44415220 

57495 448 

20415554 

4F 

2041444A 

55535420 

464F5220 

53484F52 

54204D4F 

4E544853 

20414E44 

204C4541 

50 

20594541 

52532E 

OOOA 

2A203234 

20425954 

4553204F 

46205241 

4D20464F 

5220504F 



1189 



1190 
1191 



DEFM • CONSUMPTION.* 



DEFB CRfLF 

DEFM •* ASYNCHRONOUS SERIAL COMMUNICATION AT» 



1192 



DEFM • VIRTUALLY ANY BAUD RATE.r 



1193 
1194 



DEFB CRfLF 

DEFM •* 12/24 HOUR CLCCK/CALENDAR WITH AUTO* 



1195 



DEFM » ADJUST FOR SHORT MONTHS AND LEAP* 



1196 



1197 
1198 



DEFM • YEARS.* 

DEFB CRtLF 

DEFM •* 24 BYTES OF RAM FOR POWER DOWN* 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM* V2.2 
LOC OBJ. CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 



0427 



0445 
0447 



046B 



0491 
0493 



4AE 



04BE 
04C2 



04E6 



57455220 

444F574E 

2053544F 

S2414745 

204F4620 

56495441 

4C20494E 

464F524D 

4154494F 

4E2E 

ODOA 

2A204F4E 

20434849 

50204F53 

43494C4C 

41544F52 

20544841 

54205052 

4F564944 

45532041 

20434C4F 

434B2053 

49474E41 

4C20464F 

5220594F 

5552204D 

4943524F 

50524F43 

4553534F 

522E 

OOOA 

2A205349 

4D504C45 

20494E54 

45524641 

43494E47 

20544F20 

414E59 

20404943 

524F5052 

4F434553 

534F522E 

OOOAOAOA 

2A2A2A2A 

2A2A2A2A 

2A2A2020 

20202053 

45452059 

4F555220 

404F5354 

454B2052 

45505245 

53454E54 

41544956 

4520464F 

52204655 

52544845 



1199 



DEFM • STORAGE OF VITAL INFORMATION. • 



1200 
1201 



DEFB CRfLF 

DEFM •* ON CHIP OSCILLATOR THAT PROVIDES A* 



1202 



DEFM • CLOCK SIGNAL FOR YOUR MICROPROCESSOR.' 



1203 
1204 



DEFB CRfLF 

DEFM •* SIMPLE INTERFACING TO ANY* 




1205 



1206 
1207 



DEFM • MICROPROCESSOR.' 



DEFB CRfLFfLFfLF 
DEFM *********** 



SEE YOUR MOSTEK REPRE» 



1208 



DEFM 'SENTATIVE FOR FURTHER DETAILS 
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CLOCK/RAM DEMONSTRATION MODULE 



F8/3870 MACRO CROSS ASSM# V2.2 



LOC OB J. CODE 

52204445 
5441494C 
53202020 
20 

0507 2A2A2A2A 
2A2A2A2A 
2A2A 

0511 04 



0512 1B592020 
1B4B04 

0519 474F4F44 
204D4F52 
4E4g4E47 
21 

0526 04 

0527 474F4F44 
20414654 
45524E4F 
4F4E21 

0536 04 



0537 1B592220 
1B4B04 

053E 53554E44 
4159 

0544 04 

0545 4D4F4E44 
4159 

054B 04 
054C 54554553 
444159 

0553 04 

0554 5745444E 
45534441 
59 

055D 04 
055E 54485552 
53444159 

0566 04 

0567 46524944 
4159 

0560 04 
056E 53415455 
52444159 



0576 1B592420 
1B4804 

0570 4A414E55 
41525920 

0585 04 



STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO 



ABS 



1209 
1210 



DEFM •**********§ 



DEFB EOT 

♦ AM/PM MESSAGES 
* 

1214 GOOOPT DEFB ESCf»Y»,» •♦• • t ESCt 'K* t EOT 

1215 GDMORN DEFM tGOOD MORNING!' 



1216 

1217 GDAFTR 



DEFB EOT 

DEFM '6000 AFTERNOON!* 



1218 DEFB EOT 

* 

* DAY MESSAGES 

* 

1222 DAYPT DEFB ESCt • Y» f • "• f • • t ESCt 'K' f EOT 



1223 

1224 
1225 

1226 
1227 

1228 
1229 



1230 
1231 

1232 
1233 

1234 
1235 



DEFM •SUNDAY* 

DEFB EOT 
DEFM •MONDAY* 

DEFB EOT 

DEFM »TUESDAY» 

DEFB EOT 

DEFM •WEDNESDAY* 



DEFB EOT 

DEFM •THURSDAY* 

DEFB EOT 

DEFM •FRIDAY* 

DEFB EOT 

DEFM 'SATURDAY* 



* MONTH MESSAGES 

1239 DATEPT DEFB ESC» • Y* t • $• t • 

1240 DEFM 'JANUARY • 

1241 DEFB EOT 



•fESCf 'K'tEOT 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ. CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 



0586 


46454252 
53415259 
20 


1242 


DEFM 


•FEBRUARY • 


058F 


04 


1243 


DEFB 


EOT 


0590 


4D415243 
4820 


1244 


DEFM 


•MARCH • 


0596 


04 


1245 


DEFB 


EOT 


0597 


41505249 
4C20 


1246 


DEFM 


•APRIL • 


0590 


04 


1247 


DEFB 


EOT 


059E 


40415920 


1248 


DEFM 


•MAY • 


05A2 


04 


1249 


DEFB 


EOT 


05A3 


4A554E45 
20 


1250 


DEFM 


•JUNE • 


05A8 


04 


1251 


DEFB 


EOT 


05A9 


4A554C59 
20 


1252 


DEFM 


•JULY • 


05AE 


04 


1253 


DEFB 


EOT 


05AF 


41554755 

535420 


1254 


DEFM 


•AUGUST • 


05B6 


04 


1255 


DEFB 


EOT 


05B7 


53455054 
454D4245 
5220 


1256 


DEFM 


•SEPTEMBER • 


05C1 


04 


1257 


DEFB 


EOT 


05C2 


4F43544F 
42455220 


1258 


DEFM 


•OCTOBER » 


05CA 


04 


1259 


DEFB 


EOT 


05CB 


4E4F5645 
4D424552 
20 


1260 


DEFM 


•NOVEMBER • 


0504 


04 


1261 


DEFB 


EOT 


05D5 


44454345 
4D424552 
20 


1262 


DEFM 


•DECEMBER • 


05DE 


04 


1263 


DEFB 


EOT 



050F 2C203139 
05E3 04 



05E4 1B592620 
1B4B04 



05EB 1B59376F 
04 



05FO OC 
05F1 44415920 
28312D37 




* YEAR SEPARATOR MESSAGE 
•* 

1267 SEPAR DEFM •f 19» 

1268 DEFB EOT 
■* 

* SEND CURSOR TO TIME LINE MESSAGE 
* 

1272 TIMEPT DEFB ESCf • Y • t • &• » • • lESCt •K* f EOT 

* 

* SEND CURSOR HOME MESSAGE 
* 

1276 HOME DEFB ESCt » Y« t • 7« t »o« f EOT 

* 

* PROMPT MESSAGES 
* 

1280 DAYMSG DEFB FF 

1281 DEFM 'DAY (1-7)? » 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC 08J.C00E STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO A8S 



1282 DEFB EOT 





293F20 


05FC 


04 


05FD 


OOOA 


05FF 


44415445 




20285S52 




3A4D4F3A 




4441293F 




20 


0610 


04 


0811 


OOOA 


0613 


4D4F4445 




2028303D 




32342048 




4F55522C 




20313D31 




3220484F 




5552293F 




20 


0630 


04 


0631 


OOOA 


0633 


414D2F50 




4D202830 




3D414D2C 




20313050 




4D293F20 


0647 


04 


0648 


ODOA 


064A 


54494045 




20284852 




3A404E3A 




5343293F 




20 


065B 


04 



1284 DATMSG DEFB CR,LF 

1285 DEFM 'DATE (YR:M0:0A)? • 



1286 




DEFB 


EOT 


1288 


MODMSG 


DEFB 


CRiLF 


1289 




DEFM 


»MODE 



(0=24 HOUR, 1=12 HOUR)? • 



1290 




DEFB 


EOT 


1292 


A MP MS G 


DEFB 


CR,LF 


1293 




DEFM 


•AM/PM (0=AMf 1=PM)? 



1294 DEFB EOT 
* 

1296 TIMMSG DEFB CRfLF 

1297 DEFM 'TIME (HR:MN:SC)? • 



1298 DEFB EOT 

065C 1300 END 
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CLOCK/RAM DEMONSTRATIOM MODULE 
NAME TYP VALUE DEF REFERENCES 



F8/3870 MACRO CROSS ASSM. V2.2 

PASS2 DEMO OEMO DEMO ABS 



AMPM 


0020 


140 












AMPMl • 


0189 


740 


737 










AMPM2 • 


018C 


741 


739 










AMPMIN • 


OOBC 


478 


36 3 










AMPMOT » 


01A4 


720 


287 










AMPMSG » 


0631 


1292 


483 










APRIL 


0004 


93 












ASCII » 


027A 


1001 


1011 










AUG 


0008 


97 












BAUD 


0008 


168 


226 










CEl 


0002 


160 












CHIPEN 


0001 


26 


222* 










CLKRAM E 


02CF 




4 


1130 1140 


1148 1156 






CLKRD • 


02C1 


1144 


286 










CLKWR • 


02C9 


1152 


365 










CMD 


0002 


27 


1129* 


1137*1147' 


ai55* 






CNTSAV 


0004 


33 


938* 


947 








CR 


OOOD 


63 


1185 
1296 


1187 1190 


1193 1197 


1200 1203 1206 1284 


1288 1292 


CRCHIP 


0002 


176 


221 










CRCTRL 


0000 


175 


1138 










CRDATA 


0004 


51 












CTRL 


0007 


36 


236 


237 1126 


1127 1134 


1135 1139* 




DATA 


0001 


139 












DATAOK • 


0082 


386 


238 










DATE 


014 


41 


689 


801 








DATEl » 


OlDE 


795 


792 










DATEIN » 


0126 


596 


360 










OATEOT • 


OICC 


782 


289 










DATEPT » 


0576 


12 39 


783 










OATLSO 


OOOF 


146 












DATMSD 


0030 


145 












DATMSG » 


05FD 


1284 


601 










DAY 


0013 


40 


455 


762 








DAYOX • 


016C 


651 


644 


681 








OAY30 • 


0184 


673 


662 










DAY3X • 


0171 


656 


646 










DAYIN » 


OOAB 


448 


359 










OAYLSD 


0007 


144 












DAYMSG » 


05F0 


1280 


453 










OAYOT ♦ 


OICO 


759 


288 










DAYPT • 


053 7 


1222 


760 










DC3 


0013 


69 


335 










DCOUIMT 


0005 


34 


658* 


663* 940^ 


945* 






OOATE • 


0153 


634 


625 










ODATEl • 


0169 


648 


652 


669 674 


698 






DDATE3 » 


0166 


647 


683 


691 693 








DEC 


OOOC 


101 












OGT • 


0225 


884 


891 










DGTBAD » 


0255 


940 


948 










DGTLOP » 


025A 


943 


946 










DGTOK ♦ 


0263 


953 


944 










DIGIT » 


0250 


933 


897 


903 909 


915 921 


927 




OIGITO • 


0240 


931 


548 


562 573 


607 610 


647 




DIGITl » 


022F 


895 


673 










DIGIT2 » 


0234 


901 


424 


486 529 


618 665 






DIGIT3 » 


0239 


907 


534 


543 622 


678 
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CLOCK/RAM DEMONSTRATION MODULE 
NAME TYP VALUE OEF REFERENCES 



F8/3870 MACRO CROSS ASSM. V2.2 

P ASS2 DEMO DEMO DEMO ABS 



DIGIT4 

DIGITS 

DIGIT? 

DIGITS 

DIGITS 

DIGITT 

DLOOP 

EIGHT 

EOT 



ESC 

FEB 

FEBXX 

ff 

FINISH 

FIVE 

FNDLOP 

FNDOUT 

FOUR 

FRI 

6DAFTR 

GOMORN 

GOODPT 

HALT 

HOME 

HOUR 

HOUROX 

HOURl 

H0UR2 

H0UR24 

H0UR2X 

HRIMSD 

HR2MSD 

HRLSD 

INCHR 

INCHR2 

INIT 

ISMASK 

JAN 

JULY 

JUNE 

LEAPl 

LEAP2 

LF 

LOOPl 
L00P3 
L00P4 
LSBYTE 

LSD 

MARCH 

MAXCNT 

MAY 

MIN 

MINLSO 



02 3E 
0243 
0222 
0248 
022A 
0253 
0179 
0008 
0004 



0018 
0002 
0189 
OOOC 
0043 
0005 
0298 
0295 
0004 
0006 
0527 
0519 
0512 
0080 
05EB 
0012 
OOEF 
OOEB 
0100 
00F4 
0104 
0010 
0030 
00 OF 
0283 
0287 
0001 
003F 
0001 
0007 
0006 
0013 
0012 
OOOA 

0273 
02A2 
02A9 
OOOF 
OOOF 
0003 
0024 
0005 
0109 
OOOF 



913 
919 
882 
925 
889 
938 
S61 
113 
65 



70 

91 

678 

67 

299 

110 

1068 

1066 

109 

85 

1217 

1215 

1214 

134 

1276 

39 

538 

535 

549 

543 

552 

142 

141 

143 

1029 

1032 

211 

130 

90 

96 

95 

125 

126 

66 

989 
1094 
1099 

57 
120 

92 
154 

94 
557 
138 



352 641 

559 570 

456 

697 

538 626 651 

885 

664 

1069 1095 1210 1214 1216 1218 1222 1224 1226 1228 1230 

1232 1234 1239 1241 1243 1245 1247 1249 1251 1253 1255 

1257 1259 1261 1263 1268 1272 1276 1282 1286 1290 1294 

1298 

1181 1214 1214 1222 1222 1239 1239 1272 1272 1276 

636 

637 

1181 1280 

279 336 

1070 
763 800 1071 
914 

738 
740 
721 



485 522 727 834 



291 
423 
530 
539 
553 
525 
547 
839 



839 

942 

334 1033 

217 

216 



690 

692 
1185 1185 1185 1187 1187 1190 1193 1197 1200 1203 1206 
1206 1206 1284 1288 1292 1296 

991 1096 
1101 
1100 

988 1031 1034 1098 

955 1010 

284 388 
537 551 
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CLOCK/RAM DEMONSTRATION MODULE 
NAME TYP VALUE DEF REFERENCES 



F8/3870 MACRO CROSS ASSM. V2.2 

PASS2 DEMO DEMO DEMO ABS 



MINMSO 




0070 


137 














MINUTE 




0011 


38 


558 


847 










MLTRYl 


ff 


01 BF 


742 


730 












MLTRY2 


f 


0207 


844 


837 












MNLSO 




OOOF 


148 


793 












MNMSO 




0010 


147 














MNTHOX 


f 


014E 


626 


621 












MODE 




0080 


139 














MOOEIN 


f 


0096 


416 


361 












MODMSG 


ff 


0611 


1288 


421 












MON 




0002 


81 














MONTH 




0015 


42 


617 


656 


785 








MONTHl 


• 


014A 


623 


627 












MSBYTE 




OOOE 


56 


229 


1039 










MSD 




OOFO 


121 














NINE 




0009 


114 


890 


926 










NOV 




OOOB 


100 














OCT 




OOOA 


99 














ONE 




0001 


106 


896 












OUTCHR 




026D 


984 


953 












OUTCOL 




026A 


977 


557 


568 


616 


634 


846 


850 1002 


OUTLSD 




02 7E 


1009 


803 


808 


845 


849 


853 




OUTMSD 




0278 


999 


802 


807 


844 


848 


852 




OUTMSG 




029F 


1092 


292 
805 


393 
829 


422 
1067 


454 


484 


518 602 


PARITY 




OOFE 


164 


228 












PT4IMG 




0000 


25 














RCV 




OOBO 


170 


1029 












RCVI 




OOBl 


171 


297 


394 










RDCLK 




OOBF 


179 


1146 












RDSTAT 




008F 


177 


1128 












RXCTRL 




OOOC 


54 


227 












RXSTAT 




OOOD 


55 


298 


395 


985 


989 


1030 


1032 1093 


SAT 




0007 


86 














SECLSO 




OOOF 


136 














SECMSD 




0070 


135 














SECOND 




0010 


37 


357 


358 


569 


851 


1144 


1145 1152 


SEPAR 


« 


05DF 


1267 


804 












SEPT 




0009 


98 














SETl 




007C 


364 


362 












SETCLK 




006C 


357 


243 












SEVEN 




0007 


112 


883 












SI6N0N 




02DF 


1181 


392 












SIX 




0006 


111 


920 












STATRO 




02AE 


1126 


235 












STATWR 




02B6 


1134 


242 












STOP 




0094 


397 


397 












SUN 




0001 


80 














TAB09 




02D1 


1166 


933 












TAB19 




02D2 


1167 


884 












TAB30 




02DB 


1171 


660 












TEMP 




0003 


32 


954 


978* 


986 


1028^ 


a042 


1043* 


TEN 




OOOA 


115 


794 


932 










TENBCD 




0010 


116 


790 












THREE 




0003 


108 


645 


908 










THURS 




0005 


84 














TICTRL 




0006 


52 


391 













722 741 761 784 
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CLOCK/RAM OEMONSTRATIQM MODULE F8/3370 MACRO CROSS ASSM. V2. 2 
NAME TYP VALUE OEF REFERENCES PASS2 DEMO DEMO DEMO ABS 

* 389* 



TIMCNT 


0006 


35 


278* 


285 


TIMEIN • 


ODDO 


512 


364 




TIMEOT • 


01F7 


827 


290 




TIMEPT • 


05E4 


1272 


828 




TIMER 


0007 


53 


387 




TIMMSG • 


0648 


1296 


517 




TMCTRL 


OOEA 


155 


390 




TUES 


0003 


82 






TWO 


0002 


107 


546 


682 


VIED 


0004 


83 






WRCLK 


00 BE 


ISO 


1154 




WRSTAT 


008E 


178 


1136 




XMIT 


00A2 


169 


984 


1092 


YEAR 


0016 


43 


606 


687 


YRLSD 


OOOF 


150 






YRMSD 


OOFO 


149 






ZERO 


0000 


105 







902 



806 
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USTINQ 2 - CLOCK/RAM COMMUNICATIONS SUBROUTINE 

CLOCK/RAM COMMUNICATION MODULE F8/3870 MACRO CROSS ASSM. V2,2 
LOC OBJ. CODE STMT-NR SOURCE-STMT PASS2 CLKRAM CLKRAM CLKRAM REL 

1 TITLE CLOCK/RAM COMMUNICATION MODULE 

2 NAME CLKRAM 

3 PSECT REL 

4 GLOBAL CLKRAM 
* 

* THIS MODULE MUST BE LINKED UITH OTHER MODULES 

* IN ORDER TO CREATE A WORKING PROGRAM. 
* 

************************************** 
« * 

* CLOCK/RAM COMMUNICATION SUBROUTINE * 

* * 
************************************** 
* 

* THIS SUBROUTINE IS CALLED BY THE APPLICATION 

* PROGRAM TO SEND AND RECEIVE DATA TO AND FROM THE 

* CLOCK/RAM CHIP. WHEN CALLED* THE COMMAND TO BE 

* EXECUTED MUST BE IN THE SCRATCH-PAD REGISTER 

* 'CMD't THE CHIP ENABLE CODE MUST BE IN REGISTER 

* »CHIPEN» AND THE ISAR MUST POINT TO THE TOP OF 

* THE DATA AREA, 
«■ 

* THIS ROUTINE ALLOWS THE PORT 4 BITS THAT ARE NOT 

* USED FOR CHIP ENABLE LINES TO BE USED FOR OTHER 

* PURPOSES. TO 00 THISf AN IMAGE OF WHATEVER IS 

* WRITTEN TO THE PORT BY OTHER ROUTINES MUST BE 

* KEPT IN REGISTER •PT4IMG*. IN THIS WAYt THOSE 

* PORT LINES NOT USED BY THIS ROUTINE WILL NOT BE 

* ALTERED. HOWEVERf ANY OF THE PORT 4 LINES THAT 

* ARE USED FOR THE CLOCK/RAM MUST ALWAYS BE LEFT 

* AT A LOGICAL 0. 
* 

* COMMAND BYTE FORMAT: 

* BIT 7 - MUST BE 1 

* BIT 6 - SOURCE/DESTINATION (l=RAMf 0=CLOCK) 

* BITS 5 THRU 1 - ADDRESS 

* BIT - DIRECTION (l=READf 0=WRITE) 
* 

* FOR BYTE MODE* THE ADDRESS OF THE BYTE IS PUT 

* INTO THE ADDRESS FIELD OF THE COMMAND. FOR BURST 

* MODE* THE ADDRESS SHOULD BE OlFH. NOTE THAT A 

* CLOCK BURST FUNCTION TRANSFERS ONLY THE 7 CLOCK 

* BYTES. IT DOES NOT TRANSFER THE CONTROL BYTE. 

* VALID ADDRESSES FOR THE COMMAND BYTE (FOR BYTE 

* MODE) are: 

* CLOCK - THRU 07H 

* RAM - THRU 017H 
* 

* CHIP ENABLE CONTROL BYTE FORMAT: 

* BIT 7 THRU 1 - CONTROLS PORT 4 BITS 7 THRU 1 

* BIT - MUST BE (USED FOR DATA I/O LINE) 
* 

* TC SELECT A CLOCK/RAM CHIP WITH ITS /CE PIN 

* TIED TO A PORT 4 PIN* THE CORRESPONDING BIT 

* POSITION SHOULC BE SET TO A 1 (ALL OTHER BITS 

* SHOULD SE 0). 
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CLOCK/RAM COMMUNICATION MODULE F8/3870 MACRO CROSS ASSM. V2«2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 CLKRAH CLKRAM CLKRAM REL 

* CALLING sequence: 

* 1) DATA SHOULD BE IN DATA AREA (WRITE ONLY) 

* 2) LOAD ISAR TO POINT TO BOTTOM OF DATA AREA 

* 3) CHIPEN BYTE SHOULD BE IN REGISTER »CHIPEN» 

* 4) COMMAND BYTE SHOULD BE IN REGISTER tCMD» 

* 5) PORT 4 IMAGE SHOULD BE IN REGISTER tPTAIMG* 

* 6) CALL CLKRAM 

* 7) RETURN WITH DATA AREA FILLED CREAD ONLY) 

* PORT 4 IS USED FOR ALL I/O SO THAT ITS /STROBE 

* SERVES AS THE SHIFT REGISTER CLOCK (SRCLK) TO 

* THE CLOCK/RAM. 

* 

* AS PRESENTED HEREf THIS SUBROUTINE MUST NOT BE 

* INTERRUPTED. BUT THE USER MAY EASILY MODIFY TNC 

* CODE TO SUPPORT INTERRUPTS. 
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CLOCK/RAM COMMUNICATION MODULE F8/3870 P^ACRO CROSS ASSM. V2.2 
LOC OBJ^CODE STMT-NR SOURCE-STMT PASS2 CLKRAM CLKRAM CLKRAM REL 



****«-*******« 



CONSTANTS * 



lr*******4 



GLOBAL REGISTERS^ THESE REGISTERS MUST BE THE SAME 
AS IN THE APPLICATION MOOULECS). 



0000 


84 


PT4IMG 


EQU 





0001 


85 


CHIPEN 


EQU 


1 


0002 


86 


CMD 


EQU 


2 



;PORT 4 IMAGE STORAGE 
•fCHIP ENABLE STORAGE 
;COMMAND STORAGE 



LOCAL REGISTERS. THESE REGISTERS DO NOT NEED TO BE 
MADE KNOWN TO THE APPLICATION MODULE(S)* HOWEVERt 
THEY ARE DCSTROYED. SO THE APPLICATION MOOULECS) 
SHOULD NOT KEEP NEEDED INFORMATION IN THEM. 



0003 


93 


TEMP 


EQU 


3 


0004 


94 


BITCNT 


ECU 


4 


0005 


95 


BYTCNT 


EQU 


5 



;temperary storage 
ibit counter 

;BYTE COUNTER 



= 0004 



* PORT DEFINITIONS 
99 P0RT4 EQU 4 

* BIT MASK DEFINITIONS 



COUNTER VALUES 



0001 


108 


ONE 


EQU 


1 


0007 


109 


SEVEN 


EQU 


7 


0008 


110 


EIGHT 


EQU 


8 


0018 


111 


TWFOUR 


EQU 


24 



;PORT 4 



0001 


103 BITO 


EQU 


OIH 


;BIT MASK 


0080 


104 BIT? 


EQU 


80H 


;BIT 7 MASK 




SCOUNT IS 1 

••COUNT IS 7 

;COUNT IS 8 

;COUNT IS 24 



* COMMAND BIT DEFINITIONS 



0001 


115 


RDUR 


EQU 


OIH 


003E 


116 


ADR 


EQU 


3EH 


0040 


117 


CKRM 


EQU 


40H 



;read/write is bit o 
;address is bits 1-5 
;cl0ck/ram is bit 6 
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CLOCK/RAM COMMUNICATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ. CODE STMT-NR SOURCE-STMT PASS2 CLKRAM CLKRAM CLKRAM REL 

* *****«r********4r*****it* ****** 

* * 

* START CF CLOCK/RAM DRIVER * 

* * 
***************************** 



0000»41 

0001 EO 

0002 50 



125 


CLKRAM 


LR 


AfCHIPEN 


126 




XS 


PT4IMG 


127 




LR 


PT4IMGf A 



PUT CHIP ENABLE INTO PT4IMG 



* SEND OUT COMMAND TO CLOCK/RAM 



0003 42 131 LR AfCMD IGET COMMAND 

0004 53 132 LR TEMPfA ;SAV£ COMMAND FOR OUTPUT 

0005 2008 133 LI EIGHT IBIT COUNT = 8 
0007 54 134 LR BITCNT^A ; 

0008»43 135 BLOOP LR A»TEMP ;GET COMMAND BYTE 

0009*2101 136 BLOOPl NI BITO ;MASK OFF ALL BUT BIT 

OOOB 2301 137 XI BITO ;COMPLEM£NT BIT 

0000 EO 138 XS FT4IMG jMIX IT WITH CONTROL BYTE 

OOOE B4 139 OUTS P0RT4 ;SEND IT OUT 

OOOF 43 140 LR AfTEMP ISHIFT FOR NEXT BIT 

0010 12 141 SR 1 ; 

0011 53 142 LR TEMPfA ; 

0012 34 143 OS 8ITCNT '.DECREMENT BIT COUNT 

0013 94F5 144 BNZ BLOCPl ;8RANCH IF NOT DONE 

* ■ 

* SET BYTE COUNT TO PROPER LENGTH 

* . 

0015 42 148 LR A,CMD ;GET COMMAND 

0016 213E 149 NI ADR 'iMASK OFF ALL BUT ADDRESS 
0018 253E 150 CI ADR ;CH£CK IF BYTE OR BURST 
OOIA 9400 151 BNZ BYTE '.BRANCH IF BYTE 

OOIC 42 152 LR A»CMD '.GET COMMAND BACK 

OOID 13 153 SL 1 ;CHECK RAM/CLOCK BIT 

OOIE 9105 154 BM RAM ;BRANCH IF RAM 

0020»2007 155 CLOCK LI SEVEN ;CLOCK» SO BYTE COUNT = 7 

0022 9007 156 BR CONT ;CONTINUE 

0024*2018 157 RAM LI TWFOUR ;RAM, SO BYTE COUNT = 24 

0026 9003 158 BR CONT ;CONTINUE 

0028«2001 159 BYTE LI ONE ;BYTEf SO BYTE COUNT = 1 

002A»55 160 CONT LR BYTCNTtA ; 

* 

* MAIN BYTE TRANSFER LOOP 

* 

002B»42 164 MLOOP LR A,CMO ;CHECK READ/WRITE BIT 

002C 2101 165 NI ROWR ; 

002E 70 166 CLR I 

002F 9402 167 BNZ XFER SBRANCH IF READ DIRECTION 

0031 4C 168 LR A,S 5WRITE» SO LOAD BYTE 

0032»53 169 XFER LR TEMPfA I 

0033 2008 170 LI EIGHT IBIT COUNT = 8 

0035 54 171 LR BITCNTf A '. 

0036 42 172 LR AtCMD ;CHECK READ/WRITE BIT 

0037 2101 173 NI ROWR 5 

0039 841B 174 8Z WRITE '.BRANCH IF WRITE DIRECTION 
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CLOCK/RAM COMMUNICATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ. CODE STMT-NR SOURCE-STMT PASS2 CLKRAM CLKRAM CLKRAM REL 

* READ A BYTE 



003B»43 
003C»12 
003D 53 
3E 4 
003F 84 
0040 A4 
00^1 2101 

0043 70 

0044 9403 
0046 2080 
0048»E3 
0049 34 
004A 94F1 
004C 5C 



178 READ 

179 READl 
180 

181 

182 

183 

184 

185 

186 

187 

188 READ2 

189 

190 

191 



LR 

SR 

LR 

LR 

OUTS 

INS 

NI 

CLR 

BNZ 

LI 

XS 

DS 

BNZ 

LR 



A, TEMP 

1 

TEMP, A 

A,PT4IMG 

P0RT4 

P0RT4 

BITO 

READ2 

BIT7 

TEMP 

BITCNT 

READl 

S.A 



;SHrFT FOR NEXT BIT 



;S£NO OUT DUMMY CLOCK 

; INPUT DATA BIT 
;MASK ALL EXCEPT DATA BIT 
;iF DATA=1» FORCE BIT-7=0 
;BRANCH IF DATA = 1 
;DATA=0» FORCE BIT-7=1 
;MIX with PREVIOUS BITS 

;d£crement bit count 
ibranch if not 8 bits 
;store byte 



* CHECK IF ALL BYTES WERE TRANSFERRED 



004D»35 
004E 8415 

0050 OA 

0051 IF 

0052 OB 

0053 90D7 



195 


ENDCK 


DS 


BYTCNT 


196 




BZ 


EXIT 


197 




LR 


AfIS 


198 




INC 




199 




LR 


IS, A 


200 




BR 


MLOOP 



;decrement byte count 
;branch if done 
increment pointer 



;loop BACK for next byte 



* WRITE A BYTE 



0055*43 
0G56»2101 
0058 2301 
005A EO 
005B B4 
005C 43 
0050 12 
005E 53 
05F 34 
0060 94F5 
0062 90EA 



204 


WRITE 


LR 


A, TEMP 


205 


WRITEl 


NI 


BITO 


206 




XI 


BITO 


207 




XS 


FT4IMG 


208 




OUTS 


P0RT4 


209 




LR 


A, TEMP 


210 




SR 


1 


211 




LR 


TEMPf A 


212 




DS 


BITCNT 


213 




BNZ 


WRITEl 


214 




BR 


ENDCK 



;GET data BYTE 

;MASK OFF ALL BUT BIT 

;complement bit o 

;mix it with control byte 

;send it out 

;shift for next bit 



;DECR£M£NT BIT COUNT 

;branch if not a bits 

;CONTINU£ 




* EXIT FROM SUBROUTINE 



0064»41 

0065 £0 

0066 50 

0067 B4 

0068 IC 



218 


EXIT 


LR 


A,CHIPEN 


219 




XS 


PT4IMG 


220 




LR 


PT4IMG,A 


221 




OUTS 


P0RT4 


222 




POP 





;restore port 4 image 



;disable chip 
;finished 
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CLOCK/RAM COMMUNICATION MODULE F8/3870 MACRO CROSS ASSM, V2.2 
NAME TYP VALUE OEf REFERENCES PASS2 CLKRAM CLKRAM CLKRAM REL 



ADR 




003E 


116; 


149 


150 








BITO 




0001 


103 


136 


137 


184 


205 


206 


BIT7 




0080 


104 


187 










BITCNT 




0004 


94 


134* 


143* 


171* 


189* 


212* 


BLOOP 


t 


0008 


135 












BLOOPl 


f 


0009 


136 


144 










BYTCNT 




0005 


95 


160* 


195* 








BYTE 


ff 


0028 


159 


151 










CHIPEN 




0001 


85 


125 


218 








CKRM 




0040 


117 












CLKRAM 


I 


0000 


125 


4 










CLOCK 


f 


0020 


155 












CMD 




0002 


86 


131 


148 


152 


164 


172 


CONT 


f 


002A 


160 


156 


158 








EIGHT 




00 08 


110 


133 


170 








ENDCK 


• 


004D 


195 


214 










EXIT 


f 


0064 


218 


196 










WLOOP 


f 


002B 


164 


200 










ONE 




0001 


108 


159 










P0RT4 




0004 


99 


139 


182 


183 


208 


221 


PT4IMG 




0000 


84 


126 


127* 


138 


181 


207 


RAM 


f 


0024 


157 


154 










RDWR 




0001 


115 


165 


173 








READ 


f 


003B 


178 












READl 


• 


00 3C 


179 


190 










READ2 


ff 


0048 


188 


186 










SEVEN 




0007 


109 


155 










TEMP 




0003 


93 


132* 


135 


140 


mz* 


169* 


TWFOUR 




0018 


111 


157 










WRITE 


f 


0055 


204 


174 










WRITEI 


f 


0056 


205 


213 










XFER 


f 


0032 


169 


167 











219 220* 



180* 188 204 209 211* 
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LISTING 3 - LOAD MAP AND GLOBAL CROSS REFERENCF 

LOAD MAP 

OK1:D£MO .OBJCIJ ABS B£G AOCR 0000 END AOOR 0638 
;DKi:CLKRAM.0BJC13 REL BEG AOCR 065C END ADDR 06C4 



GLOBAL CROSS REFERENCE TABLE 

SYMBOL ADDR REFERENCES 

CLKRAM 065C 02CF 02C7 02BF 02B^ 
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Mosrec 



CMOS MK3805 PROVIDES REALTIME CLOCK/CALENDAR 
TOAZ80BUS 

Application Note 



INTRODUCTION 

Mostek's new MK3805 CLOCK/RAM chip provides the 
capability of a real time clock/calendar and/or memory that 
can be battery powered with very low power drain. While 
the MK3805 was designed to be used with the serial port on 
Mostek's MK3873 single chip microcomputer, it can be 
easily interfaced to a microprocessor with a parallel bus. 
The simplicity of interfacing allows easy addition of a real 
time clock to existing systems. This application note 
describes several methods of interfacing the MK3805 to a 
Z80 bus or any parallel microprocessor bus. 

TECHNICAL DESCRIPTION 

Figure 2 is a block diagram of the CLOCK/RAM chip. The 
main components are the oscillator and divider, the real 
time clock/calendar, the static RAM, the command register 
and logic, the control register and logic, and the serial shift 
register. 

The shift register is the MK3805's communication with the 
outside world. Data on the I/O line is either input or output 
on each shift register clock pulse when the chip is enabled. 
If the chip is in the input mode, the data on the I/O line is 
input to the shift register on the rising edge of SCLK. If in the 
output mode, data is shifted out onto the I/O line on the 
falling edge of SCLK. 

The command register receives the first byte input by the 
shift register after CE goes true (low). This byte must be the 
command byte and will direct further operations within the 
CLOCK/RAM. The command specifies whether subse- 
quent transfers will be read or written, and what register or 
RAM location will be involved. 

The control register has bits defined which control the 
divider for the internal real-time clock and the external 
system clock. One bit serves as the write protect control 
flag, preventing accidental write operations during power- 
up or power-down situations. 

The real-time clock/calendar is accessed via seven 
registers. These registers contain seconds, minutes, hours, 
day, date, month, and year information. Certain bits within 
these registers also control a run/stop function, 12/24 



PIN OUT 


Figure 1 










CKO 1 C 


• 


:^^ Vcc 




XI /CI 2 E 




H 6 SCLK 




x2 3 c: 




H 7 I/O 




GIMD 4 C 




D 8 CE 










PIN DESCRIPTION 


Table 1 




PIN 


NAME 


DESCRIPTION 


1 
2 
3 
4 
5 
6 
7 


CKO 

X1/C1 

X2 

GND 

CE 

I/O 

SCLK 


Buffered System Clock Output 

Crystal or External Clock Input 

Crystal Input 

Power Supply Pin 

Chip Enable for Serial I/O Transfer 

Data Input/Output Pin 

Shift Clock for Serial I/O Transfer 


8 


Vcc 


Power Supply Pin 





hour clock mode, and indicate AM or PM (12 hour mode 
only). These registers can be accessed either randomly in 
byte mode, or sequentially in Burst Mode. 

The static RAM is organized as 24 bytes of 8-bits each. They 
can be accessed either randomly in byte mode, or 
sequentially in Burst Mode. 

DATA TRANSFER 

Data Transfer is accomplished under control of the CE and 
SCLK inputs by an external microcomputer. Each transfer 
consists of a single byte ADDRESS/COMMAND input 
followed by a single byte or multiple byte (if Burst Mode is 
specified) data input or output, as specified by the 
ADDRESS/COMMAND byte. The serial data transfer 
occurs with LSB first, MSB last format. 
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BLOCK DIAGRAM 
Figure 2 



REALTIME CLOCK 



<^ 



I/O 



SHIFT 
REGISTER 



SCLK 



f 



<^ 



DATA BUS 



±^ 



COMMAND 

AND 

CONTROL 

LOGIC 



CE 



EXTERNAL CLOCK INPUT 

HDh 

Xl/Civ X2U 



OSCILLATOR 

AND 

DIVIDERS 



BUFFER 



^ 



CKO 

— -► 



OSCILLATOR 

AND 

CLOCK CONTROL 



ADDRESS & CONTROL BUS^ 



l> 



3w>l 



24 X 8 RAM 



ADDRESS/COMMAND BYTE 

The ADDRESS/COMMAND Byte is shown below: 
7 6 5 4 3 2 1 



1 


7^ 


A4 


A3 


A2 


A1 


AO 


^ 



As defined, the IVISB (bit 7) must be a logical 1 ; bit 6 specifies 
a Clock/Calendar/Control register if logical or a RAM 
register if logical 1; bits 1-5 specify the designated 
register(s) to be inputor output; and the LSB (bit 0) specifies 
a WRITE operation (input) if logical or READ operation 
(output) if logical 1. 

BURST MODE 

Burst Mode may be specified for either the Clock/ 
Calendar/Control registers or for the RAM registers by 
addressing location 31 Decimal (ADDRESS/COMMAND 
bits 1 -5 = logical 1 ). As before, bit 6 specifies Clock or RAM, 
and bit specifies READ or WRITE. 

There is no data storage capability at location 31 in either 
the Clock/Calendar/Control registers or the RAM registers. 

SCLK AND CE CONTROL 

All data transfers are initiated by CE going low. After CE 
goes low, the next 8 SCLK cycles input an ADDRESS/ 
COMMAND byte of the proper format. An SCLK cycle Is the 



sequence of a positive edge followed by a negative edge. For 
data inputs, the data must be valid during the SCLK cycle, if 
bit 7 is not a logical 1, indicating a valid CLOCK/RAM 
ADDRESS/COMMAND, the ADDRESS/COMMAND byte 
is ignored as are all SCLK cycles until CE goes high and 
returns low to initiate a new ADDRESS/COMMAND 
TRANSFER. See Figure 3. 

ADDRESS/COMMAND bitsandDATAbits are input on the 
rising edge of SCLK, and DATA bits are output on the falling 
edge of SCLK. 

A data transfer terminates if CE goes high, and the transfer 
must be reinitiated by the proper ADDRESS/COMMAND 
when CE again goes low. The data I/O pin is high 
impedance when CE is high. 

DATA INPUT 

Following the 8 SCLK cycles that input the WRITE Mode 
ADDRESS/COMMAND byte (bit = logical 0), a DATA byte 
is input on the rising edge of the next 8 SCLK cycles (per 
byte, if Burst Mode is specif ied). Additional SCLK cycles are 
ignored should they inadvertently occur. 

DATA OUTPUT 

Following the 8 SCLK cycles that input the READ Mode 
ADDRESS/COMMAND byte (bitO = logical 1),a DATAbyte 
Is output on the falling edge of the riext 8 SCLK cycles (per 
byte, if Burst Mode is specified). Additional SCLK cycles 
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retransmit the data byte(s) should they inadvertently occur, 
so long as CE remains low. This operation permits 
continuous Burst Read Mode of the Clock registers. 

DATA TRANSFER SUMMARY 

A data transfer summary is shown in Figure 3. 

INTERFACING CONCEPTS 

This application note will deal with two different concepts of 
interfacing the serial MK3805 CLOCK/RAM to a parallel 
bus. The first approach is to generate all of the required 
signals and timing by setting and resetting individual bits of 
an I/O Port latch. The second approach is to use a serial 
communication chip, such as the Mostek MK3801 Serial 
Timer Interrupt Controller. 



I/O PORT INTERFACE 

There are three input signals required to communicate with 
the CLOCK/RAM chip. They are: 

1. SCLK — Serial Clock 

2. CE - Chip Enable 

3. I/O - Data Input and Output 

SCLK, CE and Data Input can be generated by setting and 
resetting 3 bits of an I/O port latch in a specific sequence. 
Data out of the CLOCK/RAM can be read from the I/O pin 
by buffering the pin to the processor databus. 

Since the I/O pin on the CLOCK/RAM chip is bi-directional, 
the output of the Port latch, used to send data to the 
CLOCK/RAM I/O pin, must be tri-stateable. The buffer 



DATA TRANSFER SUMMARY 
Figure 3 



I. SINGLE BYTE TRANSFER 



^mjiju^n^^^^^ 




ADDRESS/COMMAND 



DATA INPUT/OUTPUT 



n. BURST MODE TRANSFER 



^u^^^n^m^u^ 



-if- 






1 


2 


3 


4 


5 


6 


7 





1 


2 


-/ R/W 


1 


1 


1 


1 


1 


R/g- 


1 














ADDP 


ESS/C 


OMMA 


MD 




DA 


TAI/O 


BYTE 1 



DATA I/O BYTE N 



NOTES 

1 ) Data input sampled on rising edge of clock 

2) Data output changes on falling edge of clock 

3) Rising edge of CE terminates operation and resets address/command 



FUNCTION 


BYTE 
N 
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used to read data into the processor must also be tri- 
Stateable, to avoid driving the processor databus continu- 
ously. 

Figure 4 is a schematic diagram of a TTL interface between 
a Z80 bus and the MK3805 CLOCK/RAM. 



GETBYT 
CHPDIS 



TTL INTERFACE 
Figure 4 



The 74LS1 38 {U1 ) is used as an I/O port decoder. An OUT 
instruction to port 10H results in the YO output pulsing low 
and back high while valid output data is on the Z80 data bus 
(See Figure 5). This latches the 280 output data into the 
74LS1 75 (U2) I/O Port latch. 

An IN instruction from Port 1 0H, results in Y4 of port 
decoder, (U1 ), pulsing low (See Figure 5). This enables the 
74LS125 (U3-1) tristate buffer, which allows the Z80 to 
read in the value of the I/O pin of the CLOCK/RAM. 

The 4th bit in the port latch (U2) is used as an enable bit for 
the 74LS1 25 (U3-1 ) transmit buffer. The transmit buffer is 
disabled when data is to be read from the CLOCK/RAM. 

SOFTWARE - TTL INTERFACE 

Communication between the Z80 and the CLOCK/RAM is 
accomplished by calling Z80 subroutines in the required 
sequence. The four subroutines needed are: 

CHPENA 
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The least significant 4 bits of the byte that is output to the 
I/O Port latch must always be set to the correct value 
anytime an OUT instruction to the latch port is executed. 
Data bit is used for data to be sent to the^LOCK/RAM. 
Data bit 1 is the CLOCK/RAM Chip enable (CE) signal, data 
bit 2 is the SCLK signal, and data bit 3 is the transmit buffer 
disable bit. In the following software subroutines, when 
data bit 3 (SND) = 1 , the transmit buffer will (U3-2 Figure4) 
be disabled. 

The purpose of subroutine CHPENA is to set the Chip 
Enable line on the CLOCK/RAM low. CHPENA is entered 
with both SCLK and CE high. The first OUT instruction sets 
SCLK low while keeping CE highJSee Figure 6 — Point A). 
The second OUT instruction sets CE low while leaving SCLK 
low and the transmit buffer (SND) enabled (See Figure 6 — 
Point B). 



where the OUT instruction sets SCLK low (See Figure 7 
—Point D). 

When all 8 bits have been sent, bit 3 (SND) is set and the 
OUT instruction, just prior to return, sets SCLK low and 
disables the transmit buffer, while keeping CE low (See 
Figure 7 — point E). 



If the byte sent was an ADDRESS/COMMAND byte for a 
CLOCK/RAM read operation, disabling the transmit buffer 
simultaneously with setting SCLK low will prevent any 
possibility of bus contention on the CLOCK/RAM I/O pin. 
Since the last bit of an ADDRESS/COMMAND byte is 
always a "1 ", the CLOCK/RAM I/O pin will remain at a 
logic 1 level until the CLOCK/RAM begins driving the pin. 



Subroutine SNDBYT is called to send a data byte to the 
CLOCK/RAM chip. SNDBYT is entered with CE and SCLK 
already set low (See Figure 7 — Point A). The Z80 register D 
contains the byte to be sent to the CLOCK/RAM. One bit of 
the data byte is shifted into the Carry bit from register D, 
then shifted from the Carry bit into data bit of the 
Accumulator. The data bit is then latched into the I/O Port 
latch with an OUT instruction (See Figure 7 — Point B). 
During the same OUT instruction, SCLK and CE are left low, 
and SND is left enabled. 



SUBROUTINE CHPENA 

ON ENTRY: 3805 IS DISABLED 



ON EXIT: 



CHPENA 



LD 

OUT 

LD 

OUT 

RET 



3805 CHIP ENABLE IS LOW 

3805 SCLK IS LOW, AND SND IS ENABLED 



A,02H 
{10H),A 
A,OOH 
(10H),A 



SET SCLK = WITH CE = 1 

SNDJS ENABLED 
SET CE = WITH SCLK = 

SND IS ENABLED 
RETURN 



SUBROUTINE SNDBYT 



ON ENTRY: DCONTAINS DATA BYTE TO BE WRITTEN 
CE AND SCLK SHOULD ALREADY BE LOW. 
SND SHOULD BE ALREADY ENABLED. 

ON EXIT: CE AND SCLK=, AND SND IS DISABLED 



SNDBYT 



NXTBIT 



LD 

LD 

OUT 

SRL 

SRL 

RLA 

OUT 

SET 

OUT 

RES 

DEC 

JR 

SET 

OUT 

RET 



B,8 

A,OOH 

{10H),A 

A 

D 

(10H),A 

2,A 

(10H),A 

2,A 

B 

NZ,NXTBIT 

3,A 

(10H),A 



; LOAD B WITH BIT COUNT 
; SCLK=0, CE=0, SND=ENABLE 



; SHIFT DATA BIT INTO CARRY 
; SHIFT CARRY INTO ACCUM 
; OUTPUT DATA BIT 
;SETSCLK=1 

■ SET SCLK=0 

'; DECREMENT BIT COUNTER 
; JUMP IF 8JITS NOT SENT YET 
; SCLK=0, CE=0, SND=DISABLE 

; RETURN 




CHPENA TIMING 
Figure 6 



SNDBYT TIMING 
Figure 7 
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The SCLK bit in the Accumulator is then set, and the next 
OUT instruction sets SCLK high (See Figure 7 — Point C). 
The SCLK bit in the Accumulator is then set low, but, before 
the bit is sent to the CLOCK/ RAM, a determination is made 
to see if all 8 bits have been sent. This is a delay tactic to 
ensure that a minimum SCLK high time is achieved. If there 
are bits remaining to be sent, the program jumps to NXTBIT, 



The purpose of subroutine GETBYT is to read one byte of 
data from the CLOCK/RAM. On entry to GETBYT, Z80 
register pair HL points to the location in memory where the 
data byte is to be stored. Both SCLK and CE are also low 
(See Figure 8 — Point A). At this point, the CLOCK/RAM 
should be driving the I/O pin with the first valid data bit. 
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In order to read a byte from the CLOCK/RAM, an 
ADDRESS/COMMAND word had to have been written to 
the CLOCK/RAM, using subroutine SNDBYT. On exit from 
the SNDBYT routine, the last time SCLK was written low, 
and the CLOCK/RAM began transmitting data by placing 
the first data bit on the I/O pin. Since there were nof urther 
transitions of SCLK, the first valid data bit from the 
CLOCK/RAM should still be on the I/O pin. 

SUBROUTINE GETBYT 

ON ENTRY: HL POINTS TO LOCATION BYTE IS TO BE 
STORED 

ON EXIT: SCLK AND CE ARE LOW, SND IS DISABLED 



GETBYT 



GETBIT 



LD 

LD 

LD 

IN 

OUT 

AND 

LD 

OR 

LD 

SRL 

OUT 

DEC 

JR 

LD 

RET 



B,8 

C,10H 

D.OCH 

A,(10H) 

(C),D 

80H 

D,08H 

E 

E,A 

E 

(C),D 

B 

NZ,GETBIT 

(HL),A 



GETBYT TIMING 
Figure 8 
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SUBROUTINE CHPDIS 



ON ENTRY: 3805 IS ENABLED 



CHPDIS 



ON EXIT: 



LF 

OUT 

LD 

OUT 

RET 



CHIP ENABLE IS HIGH 

3805 SCLK IS HIGH, AND SND IS DISABLED 



A,OAH 
(10H),A 
A,OEH 
(10H),A 



SET CE HIGH WITH SCLK=0 
SND IS DISABLED _ 

SET SCLK HIGH WITH CE HIGH 
SND IS DISABLED 

RETURN 



CHPDIS TIMING 
Figure 9 



SET BIT COUNT TO 8 
SETCTOj/OPORTIOH 
SCLK=1, CE=0, SND=DISABLED 
READ A BIT FROM 3805 
SETSCLK=1 
MASK UNWANTED BITS 
SCLK=0, CE=0, SND=DISABLED 
MERGE DATA BIT INTO REG E 

SHIFT BIT RIGHT 1 
SET SCLK=0 
DECREMENT BIT COUNT 
JUMP IF THERE ARE MORE BITS 
STORE RECEIVED BYTE AT HL 
RETURN 



SCLK 



CE 



The purpose of subroutine CHPDIS is to bring the 
CLOCK/ RAM Chip Enable pin back high, disabling the chip. 
On entry to CHPDIS, SCLK and CE are both low{SeeFigure 
9 — Point A). The first OUT instruction brings CE high 
(Figure 9 — Point B). The second OUT instruction brings 
SCLKhigh (Figure 9 — Point C). On exit from CHPDIS, SCLK 
and CE are high, and the transmit buffer (SND) is disabled 
(Figure 9 —Point D). 



PROGRAMMING EXAMPLE 



The IN instruction reads a data bit into bit 7 of the 
Accumulator (See Figure 8 — Point B). The OUT instruction, 
which follows, sets SCLK high (See Figure 8 — Point C). The 
data bit is then masked and merged into Z80 register E for 
storage; this is accomplished prior to setting SCLK back low 
to ensure that the minimum SCLK high specification is met. 
The next OUT instruction sets SCLK low (See Figure 8 
— Point D), which clocks another data bit out of the 
CLOCK/RAM. 

If all 8 bits have been read, the data byte is stored at the 
memory location pointed to by HL On exit from GETBYT, 
SCLK and CE are low, and the transmit buffer (Figure 4/U3- 
2) is disabled. 



An example on the proper calling sequence of the previous 
four subroutines Is given below. The following sequence 
would be used to read one byte of data from the 
CLOCK/RAM. The ADDRESS/COMMAND byte (8FH) will 
cause a read of the Clock Control register: 



CALL 


CHPENA 




LD 


A,8FH 


; ADDRESS/COMMAND BYTE 


CALL 


SNDBYT 


; SEND BYTE 


LD 


HL, INBUF 


; LOCATION TO STORE RECEIVED BYTE 


CALL 


GETBYT 


; GET BYTE FROM 3805 


CALL 


CHPDIS 


; DISABLE 3805 



The MK3805 is first enabled by calling CHPENA. Next, the 
Accumulator is loaded with the ADDRESS/COMMAND 
byte for a Clock Control register read (8FH). The 
ADDRESS/COMMAND byte is sent to the MK3805 by 
calling subroutine SNDBYT. Then by calling GETBYT, a data 
byte, (the Clock Control register), is read from the MK3805 
and stored at location HL The MK3805 is then disabled by 
calling subroutine CHPDIS. 
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When Burst Mode operation is desired, the following 
sequence of instructions would be used. The following 
example uses an ADDRESS/COMMAND byte for a Clock 
Burst write (OBEH). The clock burst write mode sends 8 data 
bytes to the MK3805 after the ADDRESS/COMMAND byte 
is sent: 



CALL 


CHPENA 




LD 


D,WCKBST 


; SEND ADDRESS/COMMAND 
WRITE 


CALL 


SNDBYT 


; CLOCK BURST MODE 


LD 


HUCKDATI 


; POINT AT CLOCK DATA 


LD 


B,8 


; LOAD CLOCK BURST COUNTER 


NXWNRD LD 


D,(HL) 


; GET CLOCK DATA BYTE 


PUSH 


BC 




CALL 


SNDBYT 


; WRITE BYTE TO CLOCK 
REGISTERS 


INC 


HL 




POP 


BC 


; RECOVER BURST COUNT 


DJNZ 


NXTWRD 


; HAVE ALL REGISTERS BEEN 
WRITTEN 


CALL 


CHPDIS 


; DISABLE 3805 



ALTERNATE APPROACH 

If the CLOCK/RAM is to be used in a system with a Parallel 
I/O Controller, such as the Mostek MK3881 PIO, chips U1 
and U2 in Figure 4 could be eliminated. The concept of using 
I/O Port bits to generate SCLK, CE, I/O data, and SND 
would remain the same, only the signals would be coming 
from the PIO port pins rather than from a discrete latch, 
such as the 74LS1 75 in Figure 4. 



PROGRAM LISTING 

The Program listing, CLOCK.RAM, is a Z80 program written 
to set and read the Clock registers in the MK3805 
CLOCK/RAM, using the interface in Figure 4 and the 
Mostek FLP-80 Disk Operating System. 



SERIAL COMMUNICATION CHIP INTERFACE 

The new Mostek MK3801 Serial Timer Interrupt Controller 
(STI) provides a reliable and simple interface between a Z80 
and the MK3805 CLOCK/RAM. 

The MK3801 Z80 STI (Serial Timer Interrupt) is a Z80 
microprocessor peripheral designed to serve a broad range 
of applications. By incorporating multiple functions within 
the Z80 STI, the designer is offered maximum flexibility 
while keeping the device count to a minimum. The STI 
integrates four functions within a 40 pin package: Binary 
Timers, Parallel I/O, Interrupts, and a US ART. Given these 
features, the STI becomes a versatile device which can 
serve not only a specific design requirement, but a 
combination thereof. A few examples of these features 
include: 

* Full Duplex USART with modem controls, DMA 
Handshake, and Baud rate generator 

* 8 bit parallel I/O port with timers 



* Multifunctional Programmable Timers with Interrupts 

* Interrupt Controller 

The Interrupt Controller includes 16 prioritized, vectored 
interrupts which provide maximum speed and efficiency in 
servicing the various device functions. If interrupts are not 
desired, each channel may be operated in a polled mode. 
The STI was designed not only to interface to the Z80 CPU, 
but also to virtually any microprocessor. Because the STI 
uses an asynchronous clock, all timing parameters are 
referenced from the control signals (unlike other Z80 
peripherals, which are referenced to the system clock). 
There is also a special provision for handling interrupts in 
non-Z80 systems. 

The STI has several features which facilitate Interfacing to 
the MK3805. 

It is possible to use Timer C or D to generate the required 
transmit and receive clocks. The Serial Out (SO) line can be 
tri-stated after the last data bit is transmitted, and one 
marking bit is sent prior to the beginning of data 
transmission, which aids in synchronization of the MK3805 
to the incoming data stream. 

STI INTERFACE OPERATION 

The STI USART will be operated in the synchronous, divide 
by 1 Mode. This will prevent start, stop, and parity bits in the 
data stream, when operating the MK3805 in the Burst 
Mode. Since the MK3805 requires an ADDRESS/ 
COMMAND byte prior to each operation, that byte will be 
the STI Sync byte also. Thus, when data is to be read from 
the CLOCK/RAM, the ADDRESS/COMMAND byte for a 
read is transmitted to the MK3805 and the MK3801 
receiver simultaneously. Since the byte is the MK3801 
Sync byte, the STI receiver will achieve Sync just as the 
CLOCK/RAM I/O pin switches from Input to Output and 
begins transmitting data to the STI. 

STI SOFTWARE SUBROUTINES 

Communication between the STI and CLOCK/RAM is 
accomplished by calling a specific sequence of Z80 
subroutines. The six subroutines are shown below: 



SUBROUTINE CHIP ENABLE (CHPENA) 

ON ENTRY: Serial Output (SO) should be low. 




ON EXIT: 



External J-K Flip Flop is enabled. 

Receive Buffer and Status Register cleared. 



CHPENA 


LD 


A,80H 


ENABLE 3805 CE FLIP-FLOP 




OUT 


(GPIP),A 


TO LOOK FOR 1ST "ONE" BIT 


CLRBUF 


IN 


A,(UDR) 


CLEAR RECEIVER BUFFER 




IN 


A,(RSR) 


WAS THERE A PREVIOUS 
OVERRUN? 




BIT 


6,A 






JR 


NZ,CLRBUF 


JUMP IF YES, CLEAR IT 




RET 
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SUBROUTINE ADDRESS/COMMAND FOR WRITE 
(ADCMDW) 

ON ENTRY: "A" contains Address/Command Byte for a 
write to the 3805. 



WAIT4 



ON EXIT: 



Transmitter is enabled. Receiver is not 
enabled. 



ADCMDW OUT 

LD 

OUT 

RET 



(IDR),A 

A,03M 
(TSR),A 



; OUTPUT BYTE TO SYNC 
REGISTER 

; ENABLE XMITTER, (SO) LOW 



SUBROUTINE ADDRESS/COMMAND FOR A READ 
(ADCMDR) 

ON ENTRY: "A" contains Address/Command Byte for a 
Read from the 3805. 

ON EXIT: Transmitter is disabled with (SO) set to 

tristate when transmitter stops sending. 



OUT 


(IDR),A 


OUTPUT BYTE TO SYNC 
REGISTER 


LD 


A,03H 




OUT 


(RSR),A 


ENABLE RECEIVER, STRIP 
SYNC, SEARCH 


OUT 


(TSR),A 


ENABLE XMITTER, (SO) LOW 


LD 


B,08H 


DELAY COUNT 


DEC 


B 


DELAY TO ENSURE TRANS- 


JR 


NZ,WAIT1 


MITTER HAS BEGUN TRANS- 
MITTING 


LD 


A,OOH 


DISABLE XMITTER, SET (SO) TO 


OUT 


(TSR),A 


TRISTATE WHEN XMITTER 
STOPS. 



RET 

SUBROUTINE READ BYTE (RDBYTE) 

ON EXIT: Location at HL contains received data byte. 



RDBYTE 


IN 


A,(RSR) 


GET RECEIVE BUFFER FULL BIT 




BIT 


7,A 


IS IT SET? 




JR 


Z,RDBYTE 


JUMP IF NOT 




IN 


A,(UDR) 


GET DATA BYTE 




LD 


(HL),A 


STORE IT 




RET 







SUBROUTINE SEND BYTE (SNDBYT) 

ON ENTRY: "A" contains data byte to be sent to 3805. 



SYNDYT 


LD 


CTSR 




WAIT2 


IN 


B,(C) 


GET XMIT BUFFER EMPTY BIT 




BIT 


7,8 


IS IT SET? 




JR 


Z,WAIT2 


JUMP IF NOT 




OUT 


(UDR),A 


WRITE DATA BYTE TO USART 




RET 







IN 


A,(TSR) 


GET "END" BIT 


BIT 


4,A 


HAS XMITTER STOPPED 
SENDING? 


JR 


Z,WAIT4 


JUMP IF NOT AND WAIT 


LD 


A,OOH 




OUT 


(GPIP),A 


SET 3805 CE HIGH 


LD 


A,02H 


SET (SO) LOW 


OUT 


(TSR),A 




RET 







Subroutine CHPENA sets GPIP7 high which enables the 
74LS73 flip flop to start looking for the first mark bit. Next 
the subroutine clears the receiver buffer. 

Subroutine ADCMDW is called when there is to be a write 
to the MK3805 operation. The routine loads the 
ADDRESS/COMMAND byte into the STI Sync register and 
then enables the transmitter. The receiver is not enabled 
because this is to be a WRITE only operation. 

Subroutine ADCMDR is called when there is to be a READ 
from the MK3805 operation. The routine loads the 
ADDRESS/COMMAND byte into the STI Sync register, 
then enables the receiver followed by the transmitter. The 
delay loop at WAIT1 is to ensure the STI Transmitter has 
started transmitting before the Transmitter Enable bit is 
reset. The transmitter is set to disable when the last bit of 
the Sync byte is sent and the Serial Out (SO) line is set to 
tri-state at the same time. Tri-stating (SO) allows a direct 
connection between the STI Serial Out (SO) and Serialln 
(SI) pins. 

Subroutine RDBYTE gets one data byte from the STI 
receiver buffer and stores it at the memory location pointed 
to by the Z80 register pair HL. 

Subroutine SNDBYT loads one data byte into the STI 
transmit buffer. 

Subroutine CHPDIS disables the receiver, ensures the 
transmitter has completed transmitting, then disables it. 
Then GPIP7 is set low, which clears the external 74LS73 
latch, causing the MK3805 CE pin to go high. Last, the STI 
Serial Out pin is set low, which leaves the STI and external 
latch setup for the next data transfer. 

The schematic for the STI interface is shown in Figure 10. 
The STI Timer C is used as a Baud rate clock generator. 

PROGRAMMING EXAMPLE 



SUBROUTINE CHIP DISABLE (CHPDIS) 
ON EXIT: (SO) is low and 3805 CE is high 



The proper sequence of Z80 subroutine calls to read one 
byte from the MK3805 CLOCK/RAM is shown below. The 
ADDRESS/COMMAND byte (8FH) is for a Read Clock 
Control Register operation: 



CHPDIS 


LD 


A,00H 










OUT 


(RSR),A 


DISABLE RECEIVER 


CALL 


CHPENA 


WAIT3 


IN 


A,(TSR) 


GET XMIT BUFFER EMPTY BIT 


LD 


HL,INBUF , 




BIT 


7,A 


IS BUFFER EMPTY? 


LD 


A,8FH 




JR 


Z,WAIT3 


JUMP IF NOT AND WAIT 


CALL 


ADCMDR , 




LD 


A,00H 




CALL 


RDBYTE 




OUT 


(TSR),A 


DISABLE XMITTER, SET (SO) 
TRISTATE 


CALL 


CHPDIS 



SET HLTO INPUT BUFFER LOCATION 
READ CLOCK CONTROL REGISTER 
SEND AN ADDRESS/COMMAND READ 
GET ONE BYTE FROM THE MK3805 
DISABLE 3805 and SETUP FOR 
NEXT DATA TRANSFER 
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MK38d1-STI TO MK3805-C LOCK/ RAM INTERFACE 
Figure 1 



MK3880 



MK38P1 



MK3805 





The following instruction sequence would be used to do a 
Burst Mode read of the 8 Clock registers: 



KREAD 



XWRD 



CALL 


CHPENA 


DL 


A,RCKBST 


CALL 


ADCMDR 


LD 


HL,CKDATO 


LD 


B,8 


PUSH 


BC 


CALL 


RDBYTE 


INC 


HL 


POP 


BC 



ENABLE CHIP 3805 

SEND ADDRESS/COMMAND 

READ CLOCK CONTROL 
SET HL TO POINT AT LOCATION 
SET BURST BYTE COUNT 
SAVE BURST BYTE COUNT 
READ A BYTE FROM 3805 

; RECOVER BURST BYTE COUNT 



DJNZ 
CALL 



NXWRD 
CHPDIS 



INTERFACE TIMING 



; HAVE 8 BYTES BEEN READ? 
; DISABLE CHIP 



Figure 1 1 shows the timing associated with reading one 
byte of data from the CLOCK/RAM. The STI is initialized by 
setting H and L in the Transmit Status Register (RSR) so the 
Serial Out pin will be low. Then GPIP7 is written low and 
back high to ensure that the 74LS73 latch (Figure 10) is 
cleared, causing the MK3805 CE pin to be high. 



STI INTERFACE TIMING 
Figure 1 1 



t^^ C 
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The first step is to call subroutine CHPENA, which ensures 
GPIP7 is high, enabling the 74LS73 latch to start looking for 
the first mark bit. Next, we call subroutine ADCMDR to send 
the ADDRESS/COMMAND byte for a READ operation. 
During this routine the transmitter is enabled and a mark bit 
is transmitted. The falling edge of TC clocks the bit into the 
74LS73 latch (See Figure 1 1 - Point A). This results in Q of 
the latch going low, which pulls the MK3805 CE pin low 
(Figure 1 1 - Point B). 



called which sets the STl Serial Out pin low (Figure 11 
— Point F). GPIP7 is then written low and high (Figure 1 1 
-Points G and H) which causes the MK3805 CE pin to go 
high, disabling the chip. 

To write data to the CLOCK/RAM, subroutine ADCMDW is 
called to send an ADDRESS/COMMAND write operation 
byte to the MK3805. Subroutine SNDBYT is then called for 
each data byte that is to be sent to the CLOCK/RAM. 



The next high cycle of SCLK clocks the ADDRESS/ 
COMMAND least significant bit (ACQ) into the MK3805 
(Figure 1 1 — Point C). Once the transmitter is enabled, and 
has started transmitting, we write H and L in the TSR, so the 
STl Serial Out pin will tri-state after the last Sync bit is sent. 
The transmitter is then disabled without loading any data 
into the transmit buffer. When the transmitter is disabled 
while transmitting a Sync character, transmission will 
continue until the entire Sync character has been sent. 
Then the transmitter automatically disables, and in this 
case will cause the Serial Out line to tri-state immediately. 

After the last bit of the ADDRESS/COMMAND Sync 
character is sent, the receiver should have achieved sync 
and the Serial Out line should be tri-stated (Figure 11 — 
Point D). 

Subroutine RDBYTE is called and starts looking for the 
Receive Buffer Full bit to be set. When the buffer is full the 
received data byte is read (Figure 1 1 — Point E). 

When the data has been received, subroutine CHPDIS is 



PROGRAM LISTING 

Program listing STI.SRC is a Z80 program written to set and 
read the clock registers in the MK3805 CLOCK/RAM using 
the interface in Figure 10 and the Mostek FLP-80 Disk 
Operating System. The messages at the end of the program 
are identical to the messages shown in the CLOCK. RAM 
listing and are not repeated. 

STMNTERFACE ALTERNATIVES 

Figure 12 shows two modifications of the STl interface. 

The maximum SCLK rate of the MK3805 is 250 KHz. The 
CKO output of the MK3805 CLOCK/RAM powers up at 1 /2 
the crystal frequency. By using the second half of the 
74LS73 flip flop, and a 1 .0 MHz crystal, a 250 KHz clock can 
be generated. This frees up the STl Timer C. 

Additionally, if an extra I/O Port is decoded, it can be used to 
clear the 74LS73 latch (Figure 12). This frees up the STl 
FPIP7 pin. 



MK3801-STI TO MK3805-CLOCK/RAM INTERFACE 
Figure 12 
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V-1 14 



AOOR OBJECT 



ST » SOURCE STMT 



HOSTEK FLP-80 ASSEMBLER V2.1 PAGE 0001 
DATASET s OK0:CLOCK .RAHCID 21-AUG-81 



>008E 
>0008 

>00BE 
>OOBF 
>008F 

•0000 
•0003 
•0005 
•0008 
•OOOB 



•OOOE 
•0011 
•0012 
•0014 

•0017 
•0019 
•OOIC 
•OOIF 
•0022 
•0025 
•0028 
#0028 
•002C 
•002E 
•002F 
•0031 
•0033 
•0037 
•0039 
•003C 
•003F 

•0040 
•0043 
•0045 
•0048 
•004A 
•0040 
•0050 
•0053 
•0055 
•0058 
•005A 
•0050 
•0060 



C09500* 

168F 

C06100^ 

21E300^ 

CO7C0C* 



CD9E00« 
7E 

CB7F 
C44000^ 

lEOl 

CDFFFF 

COIAOO* 

217802^ 

CDFFFF 

COIOOO' 

CDB600^ 

7E 

0630 

4F 

0600 

CB21 

OO210B01* 

OD09 

006EOO 

006601 

£9 

CD9S00^ 

168E 

C06100* 

1608 

C06100* 

CD9E00« 

C09500^ 

168E 

C06100^ 

1608 

C06100^ 

C09EOO* 

C9 



0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0058 



; 
; 

UCKCNL 
OlSUP 

UCKBST 

RCKBST 

RCKCNL 

I 

START 



; 

PyRINT 



CLOCK.RAM 



OCTOBER 4* 1981 6:00 PM 

EQU 8EH ;URITE TO CLOCK CONTROL REGISTER 
EQU 08H ;OISABLE VRITE PROTECT OATABYTE 

t8.0 MHZ XTAL FREQ 
EQU OBEH lENABLE WRITE CLOCK BURST MODE 
EQU OBFH ;ENABLE READ CLOCK BURST MODE 
EQU 8FH ;REA0 FROM CLOCK CONTROL REGISTER 



CALL CHPENA 

LD OfRCKCNL 

CALL SNDBYT 

LO HLflNBUF 

CALL GETBYT 



CALL 


CHPDIS 


LD 


At(HL) 


BIT 


7,A 


CALL 


NZtPkRINT 


LD 


Efl 


CALL 


CRLF 


CALL 


CRLF 


LO 


HLfMSGl 


CALL 


PTXT 


CALL 


CRLF 


CALL 


GETLN 


LD 


A9(HL) 


SUB 


30H 


LO 


C,A 


LD 


BtOO 


SLA 


C 


LD 


IXtFUNPT 


ADD 


IXtBC 


LD 


LfCIX*0) 


LO 


HtCIX^l) 


JP 


CHL) 


CALL 


CHPENA 


LD 


DfUCKCNL 


CALL 


SNDBYT 


LO 


OtOISUP 


CALL 


SNDBYT 


CALL 


CHPDIS 


CALL 


CHPENA 


LD 


DtUCKCNL 


CALL 


SNDBYT 


LD 


OtOISUP 


CALL 


SNDBYT 


CALL 


CHPDIS 


RET 





;READ CLOCK CONTROL REGISTER 

ILOCATE CONTROL BYTE AT INBUF 
iGO GET CLOCK CONTROL REG 



;OISABLE 3805 

IIS yRITE PROTECT BIT SET? 
;IF YES 00 POWER ON 

INITIALIZATION 
;SET LUN = CONSOLE 



iprint menu message 

;get function requested number 

SLOAO C WITH function NUMBER 




lENABLE 3805 

;SEND ADDRESS/COMMAND TO 

; WRITE CLOCK CONTROL REGISTER 

;SENO WRITE PROTECT DISABLE TO 

; CLOCK CONTROL REGISTER 



V-115 



ADOR OBJECT 



ST # SOURCE STMT 



MOSTCK FLP-80 ASSEMBLER V2.1 PAGE 0002 
OATASET s OK0:CLOCK .RAMCll 21-AU6-81 



•0061 


0608 


•0063 


3E00 


•006d 


0310 


•0067 


CB3F 


•0069 


CB3A 


•006B 


17 


•006C 


0310 


•006E 


CB07 


•0070 


0310 


•0072 


CB97 


•0074 


05 


•0075 


20EE 


•0077 


C30F 


•0079 


0310 


•007B 


C9 



•007C 


0608 


•007E 


OEIO 


•0080 


160C 


•0082 


0610 


•0084 


ED51 


•0086 


E680 


•0088 


1608 


•008A 


B3 


•0088 


5F 


•008C 


CB3B 


•008E 


ED51 


•0090 


05 


•0091 


20E0 


•0093 


77 


•0094 


C9 



•0095 3E02 
•0097 0310 
•0099 3E00 



0059 
0060 
0061 
0062 
0063 
0064 
0065 
0066 
0067 
0068 

aob9 

0070 
0071 
0072 
0073 
0074 
0075 
0076 
0077 
0078 
0079 
0080 
0081 
0082 
0083 
0084 
0085 
0086 
0087 
0088 
0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
0113 
0114 
0115 
0116 



D_CONTAINS OATA BYTE TO BE kRITTEN 
CE AMD SCLK SHOULD ALREADY BE LOU. 
SNO SHOULD BE ALREADY ENABLED. 

Cl ANO SCLK s Of AND SNO IS DISABLED 



t SUBROUTINE SNOBYT 

; 

; ON entry: 

I 

; 

I 

I ON exit: 

; 

SNOBYT LD 

LO 
NXlBif OUT 

SRL 

SRL 

RLA 

OUT 

SET 

OUT 

RES 

DEC 

JR 

SET 

OUT 

RET 

i 
; 

; SUBROUTINE GETBYT 

; 

; ON entry: hl points to location byte to be stored 
; 



8*8 

AfOOH 

(lOH)fA 

A 



flOH)fA 

2«A 

(lOH)fA 

2tA 

B 

NZfNXTBIT 

3«A 

ClOHItA 



ILOAD B yiTH BIT COUNT 
ISCLK^Of CE^Of SNC=ENABLE 



;SHIFT OATA BIT INTO CARRY 
;SHIFT CARRY INTO ACCUN 
;OUTPUT DATA BIT 
;SET SCLK s 1 

;SET SCLK = 

;decremcnt bit counter 
sjump if 8_bits not sent yet 

;SCLK=:Of CE=0f SNO=DISABLE 
5RETURN 



ON exit: SCLK AND CE ARE LOU* SNO IS DISABLED 



I 
GETBYT 



6ETBIT 



LD 

LO 

LO 

IN 

OUT 

AND 

LD 

OR 

LO 

SRL 

OUT 

DEC 

JR 

LO 

RET 



B«8 

CflOH 

OfOCH 

At(lOH) 

COfO 

BOH 

OfOBH 

E 

EfA 

E 

fOtO 

B 

NZfGETBIT 

CHDfA 



;SET BIT COUNT 

;SET C TO I/O PORT 10 

;SCLK=1 t CE=Of AND SND IS DISABLED 

;REA0 a BYTE FROM 3805 

;SET SCLK=1 

;mask unwanted bits 

;SCLK=0 f CE^Of AND SND IS DISABLED 
;MERGE OATA BIT INTO REG E 

ISHIFT BIT RIGHT 1 

;SET SCLK=0 

;OECREMENT BIT COUNTER 

;STORE RECEIVED BYTE AT HL 
SRETURN 



I 
I 

t 

I 
I 

; 
; 
f 

CHPENA 



SUBROUTINE CHPENA 

ON entry: 3805 IS DISABLED 

ON exit: 3805 CHIP ENABLE IS LOU 

3805 SCLK IS LOUt ANO SND IS ENABLED 



LO 

OUT 

LO 



Af02H 

(lOHIfA 

AfOOH 



I SET SCLK=0 yiTH CE=1 

; SNO IS ENABLED 

; SET Ct=0 WITH SCLK=0 



V-116 



ADOR OBJECT 



ST « SOURCE STMT 



HOSTEK FLP-80 ASSEMBLER V2«l PAGE 0003 
OATASET s OK0:CLOCK .RAHCll 21-AU6-81 



•009B 0310 
•0090 C9 



•009E 
•OOAO 
•00A2 
•00A4 
•00A6 



•00A7 
•00A8 
•OOAA 
•OOAC 
•OOAE 
•OOBO 
•OOBl 
•00B3 
•00B4 
•00B5 



•00B6 
•00B8 
•OOBB 
•OOBD 

• ooco 



•OOCl 
•00C9 



•00D4 
•0006 
•0007 



3E0A 
0310 
3E0E 
0310 
C9 



7E 

CB27 

CB27 

CB27 

C627 

23 

ED67 

23 

23 

C9 



3E09 

21E300^ 

163F 

CDFFFF 

C9 



00000000 
00000000 



00000000 
00000000 



•0001 47 
•0002 E60F 



F630 

4F 

78 



0117 
0118 
0119 
0120 
0121 
0122 
0123 
0124 
0125 
0126 
0127 
0128 
0129 
0130 
0131 
0132 
0133 
0134 
0135 
0136 
0137 
0138 
0139 
0140 
0141 
0142 
0143 
0144 
0145 
0146 
0147 
0148 
0149 
0150 
0151 
0152 
0153 
0154 
0155 
0156 
0157 
0158 
0159 



OUT 
RET 



(lOH)tA 



S SNO IS ENABLED 
; RETURN 



; 

; 
; 
t 
i 
; 
; 
; 
; 

CHPOIS 



SUBROUTINE CKPOIS 



ON entry: 3805 IS ENABLED 



ON exit: 



CKIP ENABLE IS HI6H 

3805 SCLK IS HIGHf AND SNO IS DISABLED 



LO 

OUT 

LO 

OUT 

RET 



AtOAH 
(lOH)flA 
AtOEH 
(lOH)tA 



;SET CE HIGH WITH SCLK=0 
; SNO IS DISABLED^ 
;SET SCLK HIGH UITH CE HIGH 
; SNO IS DISABLED 
iRETURN 



; 
; 
; 

; 
t 

; 

ASCBIN 



SUBROUTINE ASCBIN 

CONVERTS TyO CONSECUTIVE BYTES FROM ASCII TO ONE BINARY 
BYTE. 



;GET FIRST ASCII BYTE 
;SHIFT LEFT 4 LOCATIONS 



; 
; 
; 

GETLN 



; 
t 

CKDATI DEFB 



LO 


At(HL> 


SLA 




SLA 




SLA 




SLA 




INC 


HL 


RRO 




INC 


HL 


INC 


HL 


RET 




LD 


A»9 


LO 


HLf INBUF 


LD 


D»»?» 


CALL 


JTASK 


RET 





;POINT AT THE 2N0 BYTE 
;A CONTAINS BINARY BYTE 




0160 I 

0161 CKDATO 



DEFB 



OtOtOtOtOf OfOfO 



OtOf OfOtOf OtOtO 



#0008 CB3F 



0162 ; 

0163 t 

0164 I 

0165 I 

0166 t 

0167 BINASC 
0168 

0169 
0170 
0171 
0172 



SUBROUTINE BINASC 

ON entry: a CONTAINS BINARY NUMBER TO BE CONVERTED TO ASCII 
ON exit: a AND C CONTAIN ASCII EQUIVALENT 



LO 

AND 

OH 

LO 

LO 

SRL 



B«A 
OFH 
30H 
CfA 
AtB 
A 



;SAVE BINARY NUMBER 

; 

{CONVERT TO ASCII NUMBER 
ISAVE IN REG C 
IRECOVER BINARY NUMBER 



V-117 



AOOR 


OBJECT 


ST • SOURCE 


STHT 


DATASET = i 


•OODA 


CB3F 


0173 


SRL 


A 


•OOOC 


CB3F 


0174 


SRL 


A 


•OOOE 


CB3F 


0175 


SRL 


A 


•OOCO 


F630 


0176 


OR 


30H 


•00E2 


C9 


0177 

0178 ; 

0179 1 


RET 




•>00E3 




0180 INBUF 

0181 ; 


OEFS 


40 


•OlOB 


1101» 


0182 FUNPT 


OEFU 


CKLOAO 


•OlOD 


8501^ 


0183 


OEFy 


CKREAO 


•OlOF 


7602* 


0X84 

0185 S 

0186 t 


OEFy 


MONITR 


•0111 


0608 


0187 CKLOAO 


LD 


Bt8 


•0113 


3E00 


0188 


LO 


AfO 


•0115 


21C100^ 


0189 


LO 


HLfCKDATI 


•0118 


77 


0190 CRtOOP 


LO 


(HL)tA 


•0119 


23 


0191 


INC 


HL 


•OllA 


OS 


0192 


OEC 


B 


•one 


20FB 


0193 


JR 


NZtCRLOOP 


•0110 


21EF02^ 


0194 


LO 


HLtRSG2 


•0120 


C02300^ 


0195 


CALL 


PTXT 


•0123 


COB600^ 


0196 


CALL 


GETLW 


•0126 


DD21C100^ 


0197 


LO 


IX«CKDATI 


•012A 


COA700* 


0198 


CALL 


ASCBIN 


•0120 


007704 


0199 


LO 


(IX^4)9A 


•0130 


COA700« 


0200 


CALL 


ASCBIN 


•0133 


007703 


0201 


LO 


CIX^3)«A 


•0136 


C0A700^ 


0202 


CALL 


ASCBIN 


•0139 


007706 


0203 


LO 


CIX«6)9A 


•013C 


217A03^ 


0204 


LD 


HL9MS63 


•013F 


C02101^ 


0205 


CALL 


PTXT 


•0142 


COB600^ 


0206 


CALL 


6ETLN 


•0145 


7E 


0207 


LO 


AtCHL) 


•0146 


0630 


0208 


SUB 


30H 


•0148 


007705 


0209 


LO 


(IX^5}«A 


•014B 


OOCB02BE 


0210 


RES 


7t(IX*2) 


•014F 


210703^ 


0211 


LD 


HL9r«SG4 


•0152 


CO4001^ 


0212 


CALL 


PTXT 


•0155 


COB600^ 


0213 


CALL 


GETLN 


•0158 


7E 


0214 


LO 


AfCHLI 


•0159 


FE31 


0215 


CP 


31H 


•015B 


281A 


0216 


JR 


2fCLK24 


•0150 


00CB02FE 


0217 


SET 


79CIX«2> 


•0161 


215504^ 


0218 


LD 


HL»MS65 


•0164 


C05301^ 


0219 


CALL 


PTXT 


•0167 


COB600* 


0220 


CALL 


GETLN 


•016A 


0DCB02EE 


0221 


SET 


5»(IX*2J 


•016E 


7E 


0222 


LO 


AtCNL) 


•016F 


FE41 


0223 


CP 


41H 


•0171 


2004 


0224 


JR 


NZ9CLK24 


•0173 


OOCB02AE 


0225 


RES 


5*(IX«2I 


•0177 


217004^ 


0226 CLK24 


LD 


HL9PS66 


•017A 


C06501* 


0227 


CALL 


PTXT 


•0170 


COB600^ 


0228 


CALL 


GETLN 


•0180 


COA700^ 


0229 


CALL 


ASCBIN 


•0183 


0OB602 


0230 


OR 


CIX«2> 



MOSTEK FLP-80 ASSEMBLER V2.1 PAGE 0004 
DK0:CLOCK .RAHCll 21-AUG-81 



;CONV£RT TO ASCII NUMBER 



;GET date FROM TERMINAL 
INITIALIZE IX TO CLOCK IN BUFFER 
;G0 CONVERT MONTH TO BINARY BOO 
;STOR£ BCD MONTH 
;60 CONVERT DAY 
;STORE BCD DAY 
;60 CONVERT YEAR 
;STORE BCD YEAR 



;6ET DAY OF WEEK FROM TERMINAL 

;CONVERT FROM ASCII TO BINARY 

ISTORE BCD DAY OF THE VEEK 

; RESET 12-24 MODE TO 24 HOUR MODE 



IGET CLOCK MODE 

(WAS 24 HOUR MODE SELECTED? 

;jUMP IF YES 

;SET 12 HOUR MODE BIT 



iget am or pm response 
{set fn indicator 

luas 1st character an a? 

{jump if not 

;reset am/pm indicator to ah 



IGET TIME TO BE SET 
ICONVERT TO BCD 
i INCLUDE MODE BITS 



V-118 



AODR OBJECT 



ST i SOURCE STHT 



MOSTEK FLP-80 ASSEMBLER V2«l PAGE 0005 
DATASET = OK0:CLOCK .RAMCl^ 21-AUG-81 



•0186 


007702 


0231 


LO 


(IX«2>«A 


•0189 


COA700^ 


0232 


CALL 


ASCBIN 


•018C 


OD7701 


0233 


LO 


CIX-»l)fA 


•018F 


COA700^ 


0234 


CALL 


ASCBIN 


•0192 


007700 


0235 


LO 


(IX^OlfA 


•0195 


00360708 


0236 


LO 


CIX*7)»DISUP 


•0199 


C09500* 


0237 


CALL 


CHPENA 


•019C 


16BE 


0238 


LO 


OtUCKBST 


•019E 


C061Q0^ 


0239 


CALL 


SNOBYT 


•OlAl 


21C100* 


0240 


LO 


HLtCKDATI 


•01A4 


0608 


0241 


LO 


Bf8 


•01A6 


56 


0242 NXTURO 


LO 


OtCHLI 


•01A7 


C5 


0243 


PUSH 


BC 


•01A8 


CO6100^ 


0244 


CALL 


SNOBYT 


•OlAB 


23 


0245 


INC 


HL 


•OlAC 


CI 


0246 


POP 


BC 


•OlAD 


10F7 


0247 


OJNZ 


NXTURO 


•OlAF 


C09EOO* 


0248 


CALL 


CHPOIS 


•01B2 


C30000> 


0249 

0250 ; 

0251 ; 


JP 


START 


•01B5 


C09500^ 


0252 CKREAO 


CALL 


CHPENA 


•01B8 


16BF 


0253 


LO 


OfRCKBST 


•OIBA 


C06100^ 


0254 


CALL 


SNOBYT 


•OIBD 


21C900^ 


0255 


LO 


HLfCKOATO 


•OICO 


0608 


0256 


LO 


BfB 


•01C2 


C5 


0257 NXyRO 


PUSH 


BC 


•01C3 


C07COO' 


0258 


CALL 


GETBYT 


•01C« 


23 


0259 


INC 


HL 


•01C7 


CI 


0260 


POP 


BC 


•01C8 


10F8 


0261 


OJNZ 


NXyRO 


•OICA 


C09EOO^ 


0262 


CALL 


CHPOIS 


•OICO 


0021F905» 


0263 


LO 


IXtOAYUK 


•0101 


21C900* 


0264 


LO 


HLfCKOATO 


•0104 


7E 


0265 


LO 


AfCHL) 


•0105 


CB7F 


0266 


BIT 


7,A 


•0107 


C46702* 


0267 


CALL 


NZtCLKHLT 


•OlOA 


CDOIOO^ 


0268 


CALL 


BINASC 


•OlDO 


007746 


0269 


LD 


(IX«70)«A 


•OlEO 


007147 


0270 


LO 


CIX«71}«C 


•01E3 


23 


0271 


INC 


HL 


•01E4 


7E 


0272 


LO 


AtCHL} 


•01E5 


COOIOO* 


0273 


CALL 


BINASC 


•01E8 


007743 


0274 


LO 


CIX«67)«A 


•OlEB 


0D7144 


0275 


LO 


CIX^68)»C 


•OlEE 


23 


0276 


INC 


HL 


•OlEF 


7E 


§277 


LO 


AfCHLI 


•OlFO 


012020 


0278 


LO 


BCf^ • 


•01F3 


CB7F 


0279 


BIT 


7,A 


•01F5 


280C 


0280 


JR 


Z*n24 


•01F7 


0E4O 


0281 


LO 


Cf»H* 


•01F9 


0641 


0282 


LO 


Bf^A» 


•OlFB 


CB6F 


0283 


BIT 


5tA 


•OlFO 


2802 


0284 


JR 


ZfM241 


•OlFF 


0650 


0285 


LD 


B»»P« 


•0201 


E65F 


0286 N241 


AND 


5FH 


•0203 


00704A 


0287 M24 


LO 


CIX«74)tB 


•0206 


00714B 


0288 


LO 


(IX«75lfC 



;STORE IN CLOCK BUFFER 
;60 CONVERT MINUTES 
;STORE BCO MINUTES 

;STORE BCO SECONDS 

;SET CLOCK CRYSTAL FREQ SELECT 

;SENO AOORESS/COMFANO WRITE 
; CLOCK BURST MODE 
;POINT AT CLOCK OATA 
ILOAO CLOCK BURST COUNTER 
:GET CLOCK OATA BYTE 

iurite byte to clock registers 

;recover burst count 

ihas all registers been written to? 

;OISABLE 3805 

;JUMP TO START ANO PRINT MENU 



;ENABLE chip 3805 

;SENO AOORESS/COMMANC REAO CLOCK 

; CONTROL 

;SET HL TO POINT AT LOCATION 

;SET BURST BYTE COUNT 

;SAVE BURST BYTE COUNT 

;REA0 a byte from 3805 

;RECCVER BURST BYTE COUNT 

iHAVE 8 BYTES BEEN REAO? 

:OIS«BLE CHIP 

;L0A0 IX WITH START OF MESSAGE LOC 

;L0A0 HL WITH CLOCK OUTPUT DATA 

sget 1st byte of oata 
sis clock in halted mode? 
(call halt warning routine 
iconvert binary seconds to ascii 
{store tens of seconds 
;store units of seconds 

;get binary minutes 
sgo convert to ascii 
{store tens of minutes 
sstore units of minutes 

sget hours 

sloao bc with ascii blanks 
sis 12 hour mode bit set? 
sjump if not 

sloao b with an ascii "a" 

sis pm bit set? 

sjump if not 

sloao b with an ascii "p« 

sreset bits 5 ano 7 

sstore ascii am or pm 




V-119 



AOOn OBJECT 



ST » SOURCE STMT 



HOSTEK FLP-80 ASSEMBLER V2.1 PAGE 0006 
OATASET s DKO:CLOCK .RAMCl} 21-AU6-81 



•0209 
•020C 
•020F 
•0212 
•0213 
•0214 
•0217 
•021A 
•0210 
•021E 
•021F 
•0221 
•0224 
•0226 
•0228 
•0229 
•022A 
•0220 
•0230 
•0231 
•0233 
•0236 
•0239 
•023B 
•023C 
•0230 
•023E 
•023F 
•0242 
•0245 
•0246 
•0248 
•024B 
•024E 
•0250 
•02S1 
•0252 
•0253 
•0256 
•0259 
•025C 
•025F 
•0261 
•0264 



CDOIOO* 

007740 

007141 

23 

7E 

COOIOO^ 

007714 

007115 

23 

7E 

FEID 

FA2802^ 

C60A 

CBA7 

47 

E5 

213A05^ 

llOAOO 

19 

lOFO 

OlOAOO 

110306^ 

EOBO 

El 

23 

46 

ES 

21F404^ 

llOAOO 

19 

lOFO 

OlOAOO 

11F905^ 

EOBO 

El 

23 

7E 

COOIOO^ 

00771A 

00711B 

21BC05« 

IE 01 

C07B01* 

030000^ 



•0267 E5 

•0268 F5 

•0269 214806* 

•026C lEOl 

•026E C06202* 



•0271 
•0272 
•0273 



Fl 
El 
CBBF 



0289 
0290 
0291 
0292 
0293 
0294 
0295 
0296 
0297 
0298 
0299 
0300 
0301 
0302 
0303 
0304 
0305 
0306 
0307 
0308 
0309 
0310 
0311 
0312 
0313 
0314 
0315 
0316 
0317 
0318 
0319 
0320 
0321 
0322 
0323 
0324 
0325 
0326 
0327 
0328 
0329 
0330 
0331 
0332 
0333 
0334 
0335 
0336 
0337 
0338 
0339 
0340 
0341 

0343 
0344 
0349 
0346 



NOCONV 



LOOPl 



L00P2 



CALL 

LO 

LO 

INC 

LO 

CALL 

LO 

LO 

INC 

LO 

CP 

JP 

AOO 

RES 

LO 

PUSH 

LO 

LO 

AOO 

0JN2 

LO 

LO 

LOIR 

POP 

INC 

LO 

PUSH 

LO 

LO 

AOO 

OJNZ 

LO 

LO 

LOIR 

POP 

INC 

LO 

CALL 

LO 

LO 

LO 

LO 

CALL 

JP 



BINASC 

(IX«64)fA 

CIX«65)fC 

HL 

AffHLI 

BIKASC 

tIX«20ltA 

fIX«21l«C 

HL 

AfCHL) 

lOH 

NtNOCONV 

AtlO 

4fA 

B«A 

HL 

HLtRCNTHL-lO 

OEflO 

HLtOE 

LOOPl 

BCflO 

OEtMCNTH 

HL 
HL 
Bt(HL) 

HL 

HLfUEEKOA-10 

OEtlO 

HL«OE 

L00P2 

BCflO 

OEtOAYUK 

HL 

HL 

AtCHLl 

BINASC 

fIX«26)fA 

(IX«27)tC 

HLfOATHSG 

Efl 

PTXT 

START 



{CONVERT HOURS TO ASCII 
ISTORE ASCII HOURS 



}GET DAY OF MONTH 
tSTORE ASCII OAY 



;GET month IN BCD 

;iS MONTH LESS THAN DECIMAL 10? 

;JUNP IF YESf NO BCD CONVERSION 

KONVERT BCO TO BINARY 

iRESET BCO TENS DIGIT 

;SAVE HL 

; ■ ■■ ' 

; INCREMENT POINTER BY 10 

{CONTINUE UNTIL CORRECT MONTH FOUND 

;SET BYTE TRANSFER COUNT 

JOATA TO BE TRANSFERRED TO MONTH 

{TRANSFER ASCII MONTH 

{RECOVER POINTER 

{GET DAY OF UEEK 



{INCREMENT POINTER BY 10 
{CONTINUE UNTIL CORRECT OAY FOUND 



{TRANSFER ASCII DAY TO OAYUK 



{GET YEAR^ 

{CONVERT BINARY TO ASCII 

{STORE ASCII YEAR 



{JUMP TO START AND PRINT MENU 



{ 
{ 
I 
{ 
I 
{ 
CLKHLT 



SUBROUTINE CLKHLT 

THIS ROUTINE PRINTS A WARNING THAT THE CLOCK IS HALTED. 



PUSH 
PUSH 
LO 

I n 

CALL 
POP 
POP 
RES 



HL 

AF 

HLfHLTMSG 

Efl 

PTXT 

AF 

HL 

7fA 



{CLEAR CLOCK HALT BIT 



V-120 



AOOR OBJECT 
•0275 C9 



•0276 
•0278 



3E01 
CSBEOO^ 



>OAOD 
>0003 
>2020 



•0278 



•02A9 
•02AB 



•0289 
•02BB 



•02CA 
•02CC 



•02EC 
•02Ce 



454E5445 

52204E55 

40424552 

20434F52 

52455350 

4F4E4449 

4E4720S4 

4F20444S 

53495245 

44204655 

4E435449 

4F4E 

ODOA 

09302020 

20534554 

20434C4F 

434B 

OOOA 

09312020 

20524541 

4420434C 

4F4348 

ODOA 

09322020 

20524554 

55524E20 

S44F2046 

4C502038 

<^n4 44FS3 

20404F4E 

49S44F52 

ODOA 

03 



ST i SOURCE STWT 
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0347 

0348 ; 

0349 I 

0350 MONITR 
0351 

0352 ; 

0353 ; 

; 



RET 



LO 
JP 



Afl 

JTASK 



IRETURN TO FLP-80DOS HONITOR 



0354 
0355 

♦0001 ; 

♦0002 i 
♦0003 \ 
♦0004 t 
♦0005 t 

♦0006 ; 

♦0007 I 
♦0008 CRL 
♦0009 ETX 
♦0010 SP 

♦0011 ; 

♦ 0012 

♦ 0013 

♦ 0014 

♦0015 ; 
♦ooi€ ; 

♦0017 NSGl 



INCLUOE MS6 

MS6. 
BY 
JOHN KOVAR 

OCTOBER 4f 1981 



6:30 PN 



EQU OAOOH ICARRIAGE RETURN - LINE FEEO 

EQU 03H iENO OF TEXT 

EQU 2020H ;TyO ASCII SPACE CHARACTERS 

GLOBAL JTASK 

GLOBAL CRLF 

GLOBAL PTXT 



DEFM 



•ENTER NUMBER CORRESPONDING TO DESIRED FUNCTION^ 




•^0018 
•-0019 



♦ 0020 

♦ 0021 



♦ 0022 

♦ 0023 



DEFy CRL 

OEFN • - SET CLOCK* 



DEPy CRL 
DCFN • 



OEPy CRL 
DEFN • 



READ CLOCK* 



2 - RETURN TO FLP-80DOS MONITOR* 



♦ 0024 

♦ 0025 



DEFy CRL 

DEFB ETX 



V-121 



ADOR OBJECT 



ST » SOURCe STHT 
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•02EF 
•02F3 



•031A 
•031C 



•0330 
•0334 



•0349 
•0348 



•0360 
•0362 



•03T7 
•03T9 

•037A 
•037E 



•03A5 
•03A7 



OOOAOOOA 

454E5445 

52205448 

45204441 

54452049 

4E205448 

4520464F 

4C4C4F57 

494E4720 

464F524D 

41543A 

OOOA 

0940402F 

44442F59 

59202020 

20205748 

4552453A 

ODOAOOOA 

09094D40 

20302040 

4F4E5448 

20203031 

20202031 

32 

OOOA 

09094444 

20302044 

41592020 

20203031 

20202033 

31 

OOOA 

09095959 

20302059 

45415220 

20203030 

20202039 

39 

OOOA 

03 

OOOAOOOA 

454E5445 

52204120 

4E554042 

45522046 

4F522054 

48452044 

4159204F 

46205448 

4520574S 

454B2C 

OOOA 

09312030 

20404F4E 

4441592C 

2032203D 



♦0026 ; 
♦0027 NS62 
♦ 0028 



DEFU 
OEFH 



CRLfCRL 

•ENTER THE OATE IN THE F0LL0W1N6 FORMAT:^ 



► 0029 
»0030 



»0031 
»0032 



► 0033 
*-0034 



•-003S 
► 0036 



► 0037 

► 0038 
►0039 ; 
►0040 NS63 

► 0041 



OEFU 
OEFN 



OEFW 
OEFH 



DEFy 
OEFH 



DEFy 
OEFH 



DEFy 
OEFB 

OEFy 
OEFH 



CRL 



HM/OO/YY yHERE:^ 



CRLfCRL 



CRL 



MM = MONTH 01 - 12» 



DO = DAY 01 - 31» 



YY s YEAR 00 - 99» 



CRL 



CRL 
ETX 



CRLfCRL 

•ENTER A NUMBER FOR THE DAY OF THE VEEK.^ 



♦ 0042 

♦ 0043 



DEFy CRL 

OEFM • 1 3 MONOAYf 2 = TUESOAY» 3 - VEONESOAYf ETC.* 



V-122 



AODR OBJECT 



ST « SOURCE STHT 
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•0304 
•0306 



•0307 

•0306 



•03F9 
•03FB 



•0407 
•0409 



•042A 
•042E 



•0452 
•0454 



•0455 
•0459 



•047A 



20545545 

53444159 

2C203320 

30205745 

444E4553 

4441592C 

20455443 

2E 

ODOA 

03 

OOOAOOOA 

54574F20 

434C4F43 

4B20404F 

44455320 

41524520 

41564149 

4C41424C 

453A 

ODOA 

0931202D 

20323420 

484F5552 

ODOA 

09322020 

20313220 

484F5552 

20574954 

48204140 

2F504D20 

494E4449 

4341544F 

52 

ODOAODOA 

454E5445 

52204120 

31204F52 

20322046 

4F522054 

48452044 

45534952 

45442040 

4F44452E 

OOOA 

03 

ODOAODOA 

49532054 

494D4520 

544F2042 

4520454C 

54455245 

442C2041 

40204F52 

20504D20 

3F 

OOOA 



K0044 
^0045 
>-0046 ; 
►0047 NS64 
► 0048 



DEFy 
DEFB 



DEFU 
OEFN 



CRL 
ETX 

CRLfCRL 

•TWO CLOCK MODES ARE AVAILABLE:* 



>-0049 
1-0050 



► 0051 

► 0052 



DEFy 
DEFH 



DEFy 
DEFM 



CRL 



CRL 



1-24 HOUR* 



12 HOUR yiTH AM/PM INDICATOR' 




► 0053 

► 0054 



DEFy 
DEFM 



CRLfCRL 

•ENTER A 1 OR 2 FOR THE DESIRED MOOE.^ 



♦ 0055 

♦ 0056 
♦0057 ; 
♦0058 MSG5 

♦ 0059 



OtFy 
DEFB 



DEFy 
DEFM 



CRL 
ETX 

CRLfCRL 

•IS TIME TO BE ENTERED^ AH OR PH ?• 



»-0060 



DEFy 



CRL 



V-123 



AOOR 
•047C 



•047D 
•0481 



•04A8 
•04AA 



•04C1 
•04C5 



•040B 
•0400 



•04CB 
•04C0 



•04FB 
•04FD 



•04FE 
•0508 
•0512 
•OSIC 
•0526 
•0590 



OBJECT 

03 

OOOAOOOA 

454E5445 

52205448 

45205449 

40452049 

4C205448 

4520464F 

4C4C4F57 

494C4720 

464F5240 

41543A 

OOOA 

0948483A 

40403A53 

53202020 

20202020 

20574845 

52453A 

OOOAOOOA 

09094848 

20302048 

4F555220 

4F462054 

48452044 

4159 

OOOA 

09094040 

20302040 

494E5554 

4553 

OOOA 

09095353 

20302053 

45434F4E 

4453 

OOOA 

OS 



404F4E44 

4IS92020 

2020 

54554553 

44415920 

2020 

5745444E 

45534441 

5920 

54485552 

53444159 

2020 

46524944 

41592020 

2020 

53415455 

52444159 



ST » SOURCE STHT 



♦ 0061 

♦0062 ; 

♦0063 MS66 

♦ 0064 



DEFB 



OEFU 
OEFH 
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tlX 

CRLfCRL 

•ENTER THE TIME IN THE FOLLOWING FORMAT:^ 



♦ 0065 

♦ 0066 



♦ 0067 

♦ 0068 



♦ 0069 

♦ 0070 



♦ 0071 

♦ 0072 



♦ 0073 

♦ 0074 
♦0075 ; 
♦0076 I 
♦0077 UEEKOA 



♦ 0078 

♦ 0079 

♦ 0080 

♦ 0081 

♦ 0082 



DEFy 
OEFN 



OEFy 
OEFN 



OEFU 
OEFN 



OEFU 
OEFN 



OEFU 
OEFB 



OEFN 
OEFN 
OEFN 
OEFN 
OEFN 
OEFN 



CRL 



hh:mn:ss 



where:' 



CRLfCRL 



CRL 



CRL 



CRL 
ETX 



•NONOAY • 

•TUESOAT • 

•UEONESOAY • 

•THURSOAT • 

•FRIDAY • 

•SATURDAY • 



HH = HOUR OF THE OAY» 



NM = MINUTES' 



SS s SECONDS* 



V-124 



AOOR 
•053A 

•0544 
•054E 
•0558 
•0562 
•056C 
•0576 
•0580 
•058A 
•0594 
•059E 
•05A8 
•05B2 

•05BC 
•05C2 



•050A 

• 05eo 



OBJECT 

2020 

53554E44 
41592020 
2020 

20204A41 

4E554152 

5920 

20464542 

52554152 

5920 

20202020 

40415243 

4820 

20202020 

41505249 

4C20 

20202020 

20204041 

5920 

20202020 

204A554E 

4520 

20202020 

204A554C 

5920 

20202041 

55475553 

5420 

53455054 

45404245 

5220 

20204F43 

544F4245 

5220 

204E4F56 

45404245 

5220 

20444543 

45404245 

5220 

OOOAOOOA 

OOOA 

20205448 

45204441 

54452041 

4E442054 

49404520 

4152453A 

OOOAOOOA 

OOOA 

20202020 

20202020 

20202020 

20202020 

20202020 

20202020 



ST • SOURCE STHT 



♦ 0083 



♦0084 S 
♦0085 NONTHL 



♦ 0086 

♦ 0087 

♦ 0088 

♦ 0089 

♦ 0090 

♦ 0091 

♦ 0092 

♦ 0093 

♦ 0094 

♦ 0095 

♦ 0096 



♦0097 ; 
♦0098 OATHSe 



♦ 0099 



♦ 0100 
♦0101 



OEFH 

OEFH 
OEFH 
OEFH 
OEFN 
OEFN 
OEFN 
OEFH 
OEFH 
OEFH 
OEFH 
OEFH 
OEFH 

OEFy 
OEFH 



OEFU 
OEFH 
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•SUNDAY 



• JANUARY • 
» FEBRUARY • 

• HARCH • 

• APRIL • 

• HAY • 

• JUNE • 

• JULY • 

• AUGUST • 
•SEPTEHBER • 

• OCTOBER • 

• NQVEHBER • 

• 0CCEH6ER • 

CRLtCRLfCRL 

• THE DATE AND TIHE ARE:^ 

CRLfCRLtCRL 




V-125 



AOOR 


OBJECT 
20 


ST » 


SOURCE 


STMT 


OATASET = OK 


•>05F9 




♦ 0102 


OAYUK 


OEFS 


10 


•>0603 




♦ 0103 


MONTH 


DEFS 


10 


•0600 


20202C20 
3139 


♦ 0104 


OAY 


OEFH 


• f 19» 


•0613 


2020 


♦ 0105 


YEAR 


DEFM 


ft 


•0615 


OOOA 


♦ 0106 




DEFy 


CRt 


•0617 


20202020 
20202020 
20202020 
20202020 
20202020 
20202020 
20202020 
20202020 
2020 


♦ 0107 




DEFN 


• 


•0639 


20203A 


♦ 0108 


HOUR 


OEFH 


• :• 


•063C 


2P203A 


♦ 0109 


MIN 


OEFH 


• :• 


•063F 


20202020 


♦ 0110 


SEC 


OEFH 


f t 


•0643 


2020 


♦ 0111 


AMPN 


OEFH 


f « 


•0645 


WUUM 


♦ 0112 




OEFU 


CRL 


•0647 


03 


♦ 0113 

♦ 0114 

♦ 0115 


1 

; 


DEFB 


ETX 


•0648 


OOOAOOOA 
OOOA 


♦ 0116 


HLTMS6 


OEFU 


CRLvCRUfCRL 


•064E 


07 


♦ 0117 




DEFB 


07H 


•064F 


2A2A2A20 
5741524E 
494E4720 
434C4F43 
4B204953 
20494E20 
48414C54 
20404F44 
45202A2A 
2A 


♦ 0118 




OEFH 


•*•• UARNIN 


•0674 


OOOAOOOA 


♦ 0119 




DEFM 


CRLtCRL 


•0678 


03 


♦ 0120 

♦ 0121 

♦ 0122 
0356 
Q357 


1 


DEFB 
END 


ETX 


ERRORS 


= 0000 
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lASCII BELL 



V€126 



AOOR OBJECT 



ST « SOURCE STHT 



>008E 
>000E 

>OOBE 
>OOBF 
>008F 



>0000 
>0002 
>0006 
>Q007 



>0040 
>00^1 
>0048 
>004C 
>004D 
>004E 
>004F 



ffOOOO 
•0002 
•0004 
•0006 
•0008 
•OOOA 
•OOOC 
•OOOE 
•0010 
•0012 
•0014 
•0016 
•0018 
•OOIA 
•OOIC 
•OOIE 
•0020 
•0022 
•0024 

•0027 
•002A 
•002C 



3E02 
D348 
3E03 
0340 
3E07 
0348 
3E10 
0340 
3E06 
0348 
3E80 
0340 
3EO0 
0341 
3e02 
034E 
3E00 
0348 
21190I^ 

CD8500^ 

3E8F 

COB600^ 



0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
00!^k 
0052 
0053 
0054 
0055 
0056 
0057 
0058 



; 
; 

% 

; 
i 

UCKCNL 
OISUP 

yCKBST 
RCKBST 
RCKCNL 

; 

; 
I 

SCR 
TCOR 
OOR 
TCOCR 

; 
; 
t 

I 
; 

I OR 

6PIP 

POINT 

UCR 

RSR 

TSR 

UOR 

t 

; 

START 
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STI.SRC 
BIT 
JOHN KOVAR 



OCTOBER 5f 1981 12:30 AN 

EQU 8EH ;URITE TO CLOCK CONTROL REGISTER 

EQU OEH ICISABLE yRITE PROTECT OATABYTE 

il.O MHZ XTAL FREQ. 

EQU OBEH lENABLE WRITE CLOCK BURST HOOE 

EQU OBFH ;ENABLE REAO CLOCK BURST NODE 

EQU 8FH IREAO FROM CLOCK CONTROL REGISTER 



INOIRECT STI REGISTERS 



EQU 
EQU 
EQU 
EQU 



OOH 
02H 
06H 
07H 



STI REGISTERS 



EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 



LO 

OUT 

LO 

OUT 

LO 

OUT 

LD 

OUT 

LD 

OUT 

LD 

OUT 

LD 

OUT 

LD 

OUT 

LD 

OUT 

LD 

CALL 

LD 

CALL 



40H 
41H 
48H 
4CH 
40H 
4EH 
4FH 



AtTCOR 

(POINTI9A 

A9O3H 

(IOR)«A 

AtTCOCR 

(P0INT)9A 

A9IOH 

CIORltA 

A9OOR 

CPOINTItA 

A98OH 

(lORIffA 

At OOH 

(6PIP)9A 

A9O2H 

CTSRlfA 

AvSCR 

(POINTVtA 

HLtlNBUF 

CHPENA 

AtRCKCNL 

AOCMOR 



;sync character register 
;timer c data register 
;oata direction register 

;TIMER C CONTROL REGISTER 



; INOIRECT DATA REGISTER 
IGENERAL PURPOSE DATA REGISTER 
UNOIRECT REG POINTER 
iUSART CONTROL REGISTER 
;RECEIVER STATUS REGISTER 
;TRANSMIT STATUS REGISTER 
;USART DATA REGISTER 



tSET INOIRECT AOORESS 

tOUTPUT TIMER COUNT 

;SET INOIRECT AOORESS 

t /4 PRESCALEt START TIMER C 

;SET DATA DIRECTION REGISTER 
I SET GPI7 AS AN OUTPUT 
I SET 6PI7 LOy 

;sET (SO) Loy 

SSET INOIRECT POINTER TO 

I SYNC CHARACTER REGISTER 

ISET HL TO INPUT BUFFER 



IREAO CLOCK CONTROL REGISTER 
tSENO AN ADDRESS/COMMAND REAO 




V-127 



AOOR OBJECT 



ST » SOURCE STHT 
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•002F 
•0032 

•0035 
•0036 
•0038 

•003B 
•0030 
•0040 
•0043 
•0046 
•0049 
•004C 
•004F 
•0050 
•0052 
•0053 
•0055 
•0057 
•005B 
•0050 
•0060 
•0063 



•0064 
•0067 
•0069 
»006C 
•006E 
•0071 

•0074 
•0077 
•0079 
•007C 
•007E 
•0081 
•0084 



COCBOO^ 
C09200* 

7E 

CB7F 

C46400^ 

lEOl 

CDFFFF 

C03EOO* 

21B102^ 

CDFFFF 

CO4100* 

CDECOO* 

7E 

0630 

4F 

0600 

CB21 

00214101 • 

0009 

006EOO 

006601 

E9 



C08500^ 

3E8E 

COAFOO^ 

3E0E 

COD200^ 

C09200* 

C08500* 

3E8E 

COAFOO^ 

3E0E 

CD0200* 

C09200^ 

C9 



•0085 


3E80 


•0087 


0341 


•0089 


064F 


•008B 


0B40 


•0080 


CB7T 


•008F 


20F8 


•0091 


C9 



0059 

0060 

0061 ; 

0062 

0063 

0064 

0065 { 

0066 

0067 

0068 

0069 

0070 

0071 

0072 

0073 

0074 

0075 

0076 

0077 

0078 

0079 

0080 

0081 

0082 

0083 t 

0084 ; 

0085 PURINT 
0086 

0087 

0088 

0089 

0090 

0091 I 

0092 

0093 

0094 

0095 

0096 

0097 

0098 

0099 ; 

0100 I 

0101 t 

0102 I 

0109 ; 

0104 I 

0105 { 

0106 t 

0107 ; 

0108 CHPEMA 
0109 

0110 CLRBUF 

0111 

0112 

0113 

0114 

0115 ; 

0116 ; 



CALL 
CALL 

LO 

BIT 

CALL 

LO 

CALL 

CALL 

LO 

CALL 

CALL 

CALL 

LO 

sua 

LO 
LD 
SLA 

LO 

AOO 

LO 

LO 

JP 



CALL 

LO 

CALL 

LO 

CALL 

CALL 

CALL 

LO 

CALL 

LO 

CALL 

CALL 

RET 



ROBTTE 
CHPOIS 

AfCHL) 
7»A 

NZfPkRINT 

Efl 

CRLF 

CRLF 

HLtMSGl 

PTXT 

CRLF 

6ETLN 

AffHL> 

30H 

C«A 

BtOO 

C 

IXtFUNPT 

IXfBC 

LfCIX^O) 

HfCIX*ll 

(HL) 



CHPENA 

AtUCKCNL 

AOCMOU 

AfOISUP 

SNOBYT 

CHPOIS 

CHPENA 

AtUCKCNL 

AOCMOU 

AfOISUP 

SNOBYT 

CHPOIS 



;6ET A BYTE FROM 3805 



;iS URITE PROTECT BIT SET? 

;IF YES 00 POUER ON INITIALIZATION 



;SET LUN = CONSOLE 



;PRINT MENU MESSAGE 



;6et function requested number 
;loao c uith function number 



;ENABLE 3805 

;sEN0 aooress/cohmano to 

; URITE clock control register 

;SENO URITE protect DISABLE TO 
S CLOCK CONTROL REGISTER 



;SENO ADDRESS/COMMAND TO 

; URITE CLOCK CONTROL REGISTER 

;SET 3805 XTAL FREQ TO 

; 1*0 MHZ 



SUBROUTINE CHIP ENABLE (CHPENA) 

ON entry: Serial Output (SO) should be low. 

ON exit: Exteroil J-K Flip Flop Is enabled* 

Receive Buffer and Status Register is cleared* 



LO 

OUT 

IN 

IN 

BIT 

«IR 

RET 



A«80K 

(6PIP)fA 

A«(UOR) 

A»(RSR) 

6tA 

NZtCLRBUF 



lENABLE 3805 CE FLIP-FLOP 

S TO LOOK FOR 1ST "ONE" BIT 

;CLEAR RECEIVER BUFFER 

;UAS THERE A PREVIOUS OVERRUN? 

I JUMP IF YESt CLEAR IT 
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AOOR OB«JECT 



ST • SOURCE STMT 



MOSTCK FLP-80 ASSCMBLCR V2.1 PAGE 0003 
OATASET s OK0:STI .SRCEl] OS-OCT-81 



•0092 


3E00 


•0094 


D340 


•0096 


0B4E 


•0098 


CB7F 


•009A 


28FA 


•009C 


3E00 


•009E 


034E 


•OOAO 


0B4E 


•00A2 


CB67 


•00A4 


28FA 


•00A6 


3E00 


•00A8 


0341 


•OOAA 


3E02 


•OOAC 


034E 


•OOAE 


C9 



•OOAF 0340 

•OOBl 3E03 

•00B3 D34E 

•00B5 C9 



•00B8 


0340 


•00B8 


3E03 


•OOBA 


0340 


•OOBC 


034E 


•006E 


060B 


•OOCO 


05 


•OOCl 


20FO 


•0OC3 


3E00 


•OOCS 


034E 


•OOCT 


C9 



0117 
0118 
0119 
0120 
0121 
0122 
0123 
0124 
0125 
0126 
0127 
0128 
0129 
0130 
0131 
0132 
0133 
0134 
0135 
0136 
0137 
0138 
0139 
0140 
0141 
0142 
0143 
0144 
0145 
0146 
0147 
0148 
0149 
0150 
0151 
0152 
0153 
0154 
0155 
0156 
0157 
0158 
0159 
0160 
0161 
0162 
0163 
0164 
0165 
0166 
0167 
0168 
0169 
0170 
0171 
0172 
0179 
0174 



I 
t 

; 

; 
; 

CHPOIS 



yAITS 



yAIT4 



t 
; 

I 
; 
I 
t 
I 

ADCHOU 



t 

; 
; 
; 
I 
t 
I 
I 
t 
; 
t 

AOCNOR 



VAITl 



SUBROUTINE CHIP DISABLE (CHPOIS) 



(SO) it loM and 3805 CE it high 



I 



ON EXIT 


: (SO) i 


LO 


AtOOH 


OUT 


(RSR)tA 


IN 


Af(TSR) 


BIT 


7»A 


JR 


2fyAIT3 


LO 


AffOOH 


OUT 


(TSR)tA 


IN 


A«(TSR) 


BIT 


4fA 


JR 


ZtyAIT4 


LO 


AtOOH 


OUT 


(6PIP)fA 


LO 


At02H 


OUT 


(TSR)fA 


RET 





tOISABLE RECEIVER 

;G£T XNir BUFFER EMPTY BIT 

ilS BUFFER EMPTY? 

iJUMP IF NOT ANO WAIT 

; 

;OISIBLE XMITTERff SET (SO) TRISTATE 
iCET "END" BIT 

IHAS XMITTER STOPFEO SENDING? 
;JUNP IF NOT ANO WAIT 

;SET 3805 CE HIGH 

;sET (SO) Loy 



SUBROUTINE ADDRESS/COMMAND FOR VRITE (AOCMOU) 

ON entry: "A" contains Address/Coaaand Byte for a write 
to the 3805. 

ON exit: Transaitter is enabledt Receiver is not enabled* 

{OUTPUT BYTE TO SYNC REGISTER 

;ENABLE XMITTERf (SO) LOy 



OUT (lOR)tA 

LO A«03H 

OUT (TSR)fA 
RET 




SUBROUTINE ADDRESS/COMMAND FOR A READ (AOCMDR) 

ON entry: "A" contains Address/Colaand Byte for a Read 
froB the 980S* 



ON exit: 



Transaitter is disabled with (SO) set to 

tristate when transaitter steps sending* 



OUT 

LO 

OUT 

OUT 

LO 

oec 

JR 
LO 
OUT 
RET 



(lOR)tA 

At03H 

(RSR)fA 

(TSR)fA 

BtOBH 

B 

NZfVAITl 

AfOOH 

(T$R)fA 



{OUTPUT BYTE TO SYNC REGISTER 

lENABLE RECEIVERf STRIP SYNCt SEARCH 

{ENABLE XMITTERf (SO) LOy 

{DELAY COUNT 

{DELAY TO ENSURE TRANSMITTER HAS 

{ BEGUN TRANSMITTING 

{DISABLE XMITTERf SET (SO) TO 

{ TRISTATE yHEN XMITTER STOPS* 



SUBROUTINE READ BYTE (ROBYTE) 
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AOOR OBJECT 



•00C8 0B40 

•OOCA CB7F 

•OOCC 28FA 

•OOCE DB4F 

•0000 77 

•0001 C9 



ST » SOURCl^ StMT 



•0002 0C4E 

•0004 E040 

•0006 CB78 

•0008 28FA 

•OOOA 034F 

•OOOC C9 



•0000 
•OOOE 

• ooeo 

•00E2 
•00E4 
•00E6 
•00E7 
•00E9 
•OOEA 
•OOEB 



•OOEC 
•OOEE 
•OOFl 
•00F3 
•00F6 



•00F7 



•OOFF 



7E 

CB27 

CB27 

CB27 

CB27 

23 

E067 

23 

23 

C» 



3E09 

211901* 

163F 

COFFFF 

C9 



00000000 
00000000 



00000000 
00000000 



0175 
0176 
0177 
0178 
0179 
0180 
0181 
0182 
0183 
0184 
0185 
0186 
0187 
0188 
0189 
0190 
0191 
0192 
0193 
0194 
0195 
0196 
0197 
iftl98 
0199 
0200 
0201 
0202 
0203 
0204 
0205 
0206 
0207 
0208 
0209 
0210 
0211 
0212 
0213 
0214 
0215 
0216 
0217 
0218 
0219 
0220 
0221 
0222 
0223 
0224 



; 
; 

ROBYTE 



ON EXIT 


: Locati 


IN 


AtCRSRl 


BIT 


7,A 


JR 


ZtROBYTE 


IN 


AtCUCRI 


LO 


(HDtA 


RET 





SNOBYT 
WAIT2 



LO 

IN 

BIT 

JR 

OUT 

RET 



MOSTEK FLP-80 ASSEMBLER V2*l PAGE 0004 
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Location at HL containt received data byte* 



;6ET RECEIVE BUFFER FULL BIT 
SIS IT SET? 
tJUNP IF NOT 

;get data byte 

iSTORE IT 



SNOBYT) 

a data byte to be sent to 3805* 



I6ET XHIT BUFFER EMPTY BIT 

;iS IT SET? 

;JUMP IF NOT 

;URITE OATA BYTE TO USART 



SUBROUTINE SENO BYTE i 
ON entry: "A* contain 



CtTSR 
Bf(C) 
7tB 
ZfUAIT2 

CUORlfA 



SUBROUTINE ASCBIN 

CONVERTS TUO CONSECUTIVE BYTES FROM ASCII TO ONE BINARY 
BYTE. 



ASCBIN 



t 

I 

6ETLN 



LO 

SLA 

SLA 

SLA 

SLA 

INC 

RRO 

INC 

INC 

RET 



LO 

LD 

LO 

CALL 

RET 



AtCHL) 

A 

A 

A 

A 

HL 

ML 
HL 



Af9 

HLtlNBUF 

Ot^?» 

JTASK 



;GET FIRST ASCII BYTE 
; SHIFT LEFT 4 LOCATIONS 



spoint at the 2n0 byte 
;a contains binary byte 



CKOATI OEFB 



0225 I 

0226 CKOATO 



OEFB 



Of OfOfOfOfOvOfV 



OfOf 0«0«0f OtOtO 



0227 t 

0228 ; 

0229 ; 

0230 I 



SUBROUTINE BINASC 

ON entry: a CONTAINS BINARY NUMBER TO BE CONVERTED TO ASCII 
ON exit: a ANO C contain ASCII EQUIVALENT 
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ADOR OBJECT 



ST • SOURCE STNT 
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0231 1 






•0107 


47 


0232 BINASC 


LO 


BtA 


•0108 


E60F 


0233 


ANO 


OFH 


•OlOA 


F630 


0234 


OR 


30H 


•OlOC 


4F 


0235 


LO 


C»A 


•0100 


78 


0236 


LO 


A,B 


•OlOE 


CB3F 


0237 


SRL 


A 


•0110 


CB3F 


0238 


SRL 


A 


•0112 


CB3F 


0239 


SRL 


A 


•0114 


CB3F 


0240 


SRL 


A 


•0116 


F630 


0241 


OR 


30H 


•0118 


C9 


0242 

0243 ; 

0244 ; 


RET 




•>0119 




0245 INBUF 

0246 t 


OEFS 


40 


•0141 


4701^ 


0247 FUNPT 


OEFU 


CKLOAO 


•0143 


EBOl^ 


0248 


OEFU 


CKREAO 


•0145 


AC02^ 


0249 

0250 S 

0251 t 


OEFW 


MONITR 


•0147 


0608 


0252 CKLOAO 


LO 


6«8 


•0149 


3E00 


0253 


LO 


AtO 


•014B 


21F700^ 


0254 


LO 


HLtCKDATI 


•014E 


77 


0255 CRLOOP 


LO 


CHDfA 


•014F 


23 


0256 


INC 


HL 


•0150 


05 


0257 


OEC 


B 


•0151 


20FB 


0258 


JR 


NZtCRLOOP 


•0153 


212503^ 


0259 


LO 


HLtnS62 


•0156 


C04700^ 


0260 


CALL 


PTXT 


•0159 


COECOO^ 


0261 


CALL 


GETLN 


•015C 


D021F700* 


0262 


LO 


IXtCKOATI 


•0160 


COOOOO^ 


0263 


CALL 


ASCBIN 


•0163 


OD7704 


0264 


LO 


CIX«4)f A 


•0166 


COOOOO^ 


0265 


CALL 


ASCBIN 


•0169 


007703 


0266 


LO 


IIX*3)fA 


•016C 


COOOOO^ 


0267 


CALL 


ASCBIN 


•016F 


007706 


0268 


LO 


(IX46)«A 


•0172 


218003^ 


0269 


LO 


HLfnS63 


•0175 


CO5701* 


0270 


CALL 


PTXT 


•0178 


COECOO^ 


0271 


CALL 


GETLN 


•017B 


7E 


0272 


LO 


AtCHL) 


•017C 


0630 


0273 


SUB 


30H 


•017E 


007705 


0274 


LO 


fIX^5)fA 


•0181 


OOCB02BE 


0275 


RES 


7fCIX*2l 


•0185 


210004» 


0276 


LO 


HLfMS64 


•0188 


C07601* 


0277 


CALL 


PTXT 


•018B 


COECOO^ 


0278 


CALL 


GETLN 


•018E 


7E 


0279 


LO 


AtCHL) 


•018F 


FE31 


0280 


CP 


31H 


•0191 


281A 


0281 


JR 


29CLK24 


•0193 


OOCB02FE 


0282 


SET 


7f<IX*2) 


•0197 


218B04^ 


0283 


LO 


HLtHSGS 


•019A 


C08901^ 


0284 


CALL 


PTXT 


•0190 


COECOO* 


0285 


CALL 


GETLN 


•OlAO 


00CB02EE 


0286 


SET 


59€IX42) 


•01A4 


7E 


0287 


LO 


AtCHL) 


•01A5 


FE41 


0288 


CP 


41H 



;SAVE BINARY NUMBER 

; 

;CONVERT TO ASCII NUMBER 
;SAVE IN REG C 
;REC0VER BINARY NUMBER 



;CONVERT TO ASCII NUMBER 



;6et oate from terminal 
;initiali2e ix to clock in buffer 
;60 convert month to binary bcd 
;store bco month 
;60 convert oay 
; store bco oay 
;go convert year 
;st0re bco year 



IGET DAY OF WEEK FROM TERMINAL 

;CONVERT FROM ASCII TO BINARY 
; STORE BCO OAY OF THE WEEK 
;RES£T 12-24 MOOE TO 24 HOUR MODE 



IGET CLOCK MOOE 

;UAS 24 HOUR MOOE SELECTED? 

;JUMP IF YES 

;SET 12 HOUR MOOE BIT 



IGET AM OR PM RESPONSE 
;SET FN INDICATOR 

;UAS 1ST CHARACTER AN A? 
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ADOR OBJECT 



ST • SOURCE STMT 
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•01A7 


2004 


0289 


JR 


NZfCLK24 


•01A9 


ODCB02AE 


0290 


RES 


5f (IX^2) 


•OlAO 


21B304* 


0291 CLK24 


to 


HL«MSG6 


•OIBO 


CD9B01* 


0292 


CALL 


PTXT 


•01B3 


CDECOO» 


0293 


CALL 


6ETLN 


•01B6 


CODDOO^ 


0294 


CALL 


ASC6IN 


•01B9 


ODB602 


0295 


OR 


CIX*2> 


•OIBC 


D07702 


0296 


LD 


(IX42)fA 


•OIBF 


CODDOO* 


0297 


CALL 


ASC6IN 


•01C2 


DD7701 


0298 


LO 


(IX^DfA 


•01C5 


CDDDOO^ 


0299 


CALL 


ASCBIN 


•01C8 


D07700 


0300 


LO 


(IX«0)f A 


•OICB 


0036070E 


0301 
0302 ; 


LD 


tIX*7)tOEH 


•OICF 


CD8500« 


0303 


CALL 


CHPENA 


•01D2 


3EBE 


0304 


LO 


AfyCKBST 


•0104 


COAFOO* 


0305 


CALL 


AOCMOU 


•01D7 


21F700^ 


0306 


LO 


HLfCKOATI 


•OlOA 


0608 


0307 


LO 


BfB 


•OlDC 


7E 


0308 NXTURO 


LO 


Af(HL) 


•OIDD 


C5 


0309 


PUSH 


BC 


•OlDE 


COD200^ 


0310 


CALL 


SNOBYT 


•OlEl 


23 


0311 


INC 


HL 


•01E2 


CI 


0312 


POP 


BC 


•01E3 


10F7 


0313 


OJNZ 


NXTWRO 


•01E5 


CD9200* 


0314 


CALL 


CHPOIS 


•01E8 


C30000* 


0315 

0316 i 

0317 ; 


JP 


START 


•OlEB 


C08500* 


0318 CKREAO 


CALL 


CHPENA 


•OlEE 


3EBF 


0319 


LO 


AfRCKBST 


•OlFO 


CDB600' 


0320 


CALL 


ADCMDR 


•01F3 


21FF00^ 


0321 


LO 


HLfCKOATO 


•01F6 


0608 


0322 


LO 


Bf8 


•01F8 


C5 


0323 NXyRO 


PUSH 


BC 


•01F9 


COCBOO^ 


0324 


CALL 


ROBYTE 


•OlFC 


23 


0325 


INC 


HL 


•OlFO 


CI 


0326 


POP 


BC 


•OlFE 


10F8 


0327 


OJNZ 


NXyRO 


• 0200 


CD9200* 


0328 


CALL 


CHPDIS 


•0203 


DD212F06* 


0329 


LD 


IXfOAYUK 


•0207 


21FF00^ 


0330 


LO 


HLtCKDATO 


•020A 


7E 


0331 


LO 


AfCHL} 


#0208 


CB7F 


0332 


BIT 


7,A 


•0200 


C49002^ 


0333 


CALL 


NZvCLKHLT 


•0210 


C00701* 


0334 


CALL 


BINASC 


•0213 


DD7746 


0335 


LO 


CIX«70>»A 


•0216 


007147 


0336 


LO 


«IX*71lfC 


•0219 


23 


0337 


INC 


HL 


•021A 


7E 


0338 


LO 


Af(KL» 


•021B 


CD0701* 


0339 


CALL 


BINASC 


•021E 


007743 


0340 


LO 


(IX«67)tA 


•0221 


007144 


0341 


LO 


CIX«68)«C 


•022% 


23 


0342 


mc 


HL 


•0225 


7E 


0343 


LO 


AffHL> 


•0226 


012020 


0344 


LD 


BC»^ • 


•0229 


CB7F 


0345 


BIT 


7fA 


•0228 


280C 


0346 


JR 


ZfM24 



;jump if not 

;reset am/pm indicator to am 



;GET time TO BE SET 

;CONVERT TO BCD 
UNCLUDE MODE BITS 
iSTORE IN CLOCK BUFFER 
IGO CONVERT MINUTES 
ISTORE BCD MINUTES 

;STORE BCD SECONDS 

;SET CLOCK CRYSTAL FREQ SELECT 



;SENO ADDRESS/COMMAND WRITE 
; CLOCK BURST MODE 
;POINT AT CLOCK DATA 
;L0AD CLOCK BURST COUNTER 
;6ET CLOCK DATA BYTE 

;URITE BYTE TO CLOCK REGISTERS 

;REC0VER BURST COUNT 

;HAS all REGISTERS BEEN WRITTEN TO? 

;DISABLE 3805 

;JUMP TO START AND PRINT MENU 



;ENABLE CHIP 3805 

;SENO AODRESS/COMMANC READ CLOCK 

; CONTROL 

;SET HL TO POINT AT LOCATION 

;SET BURST BYTE COUNT 

;SAVE BURST BYTE COUNT 

;REA0 a byte from 3805 

IRECOVER b'uRST BYTE COUNT 

;HAVE 8 BYTES BEEN READ? 

;OISABLE CHIP 

;LOAO IX WITH START OF MESSAGE LOC 

ILOAO HL WITH CLOCK OUTPUT DATA 

;GET 1ST BYTE OF DATA 

;IS CLOCK IN HALTED MODE? 

;CALL HALT WARNING ROUTINE 

iCONVERT BINARY SECONDS TO ASCII 

ISTORE TENS OF SECONDS 

ISTORE UNITS OF SECONDS 

IGET BINARY MINUTES 
IGO CONVERT TO ASCII 
ISTORE TENS OF MINUTES 
ISTORE UNITS OF MINUTES 

I GET HOURS 

ILOAO BC WITH ASCII BLANKS 
IIS 12 HOUR MODE BIT SET? 
I JUMP IF NOT 
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ADOR OBJeCT 



ST « SOURCE STMT 
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•0220 
•022F 
•0231 
•0233 
•02 35 
•0237 
•0239 
•023C 
•023F 
•0242 
•0245 
•0248 
•0249 
•024A 
•0240 
•0250 
•0253 
•0254 
•0255 
•0257 
•025A 
•025C 
•025E 
•025F 
•0260 
•0263 
•0266 
•0267 
•0269 
•026C 
•026F 
•0271 
•0272 
•0273 
•0274 
•0275 
•0278 
•027B 
•027C 
•027E 
•0281 
•0284 
•0286 
•0287 
•0288 
•0289 
•028C 
•028F 
•0292 
•0295 
•0297 
•029A 



0E4O 

0641 

CB6F 

2802 

0650 

E65F 

OD704A 

00714B 

CD0701^ 

DD7740 

Ui;?i4l 

23 

7E 

C00701* 

007714 

0D7115 

23 

7E 

FEIO 

FA5E02» 

C^ - *i 

CBA7 

47 

E5 

217005^ 

llOAOO 

19 

lOFD 

OlOAOO 

113906^ 

EDBO 

El 

23 

46 

£5 

212A05^ 

llOAOO 

19 

lOFO 

OlOAOO 

112F06» 

EOBO 

El 

23 

7E 

CD0701^ 

DD771A 

DD711B 

21F205^ 

lEOl 

COBlOl* 

C30000^ 



0347 
0348 
0349 
0350 
0351 
0352 
0353 
0354 
0355 
0356 
03b7 
0358 
0359 
0360 
0361 
0362 
0363 
0364 
0365 
0366 
0367 
0368 
0369 
0370 
0371 
0372 
0373 
0374 
0375 
0376 
0377 
0378 
0379 
0380 
0381 
0382 
0383 
0384 
0385 
0386 
0387 
0388 
0389 
0390 
0391 
0392 
0393 
0394 
0395 
0396 
0397 
0398 
0399 
0400 
0401 
0402 
0403 
0404 



W24I 
M24 



NOCONV 



LOOPl 



L0OP2 



LD 

LO 

BIT 

JR 

LO 

AND 

LD 

LO 

CALL 

LO 

LO 

INC 

LO 

CALL 

LO 

LO 

INC 

LO 

CP 

JP 

AOO 

RES 

LO 

PUSH 

LO 

LD 

AOO 

OJNZ 

LD 

LD 

LOIR 

POP 

INC 

LO 

PUSH 

LO 

LD 

AOO 

OJNZ 

LO 

LO 

LOIR 

POP 

INC 

LO 

CALL 

LO 

LO 

LO 

LO 

CALL 

JP 



Ct^M^ 

Bf^A^ 

5«A 

2fM241 

Bf^P^ 

5FH 

fIX^74)*B 

CIX^75»«C 

BINASC 

(IX«64)f A 

(IX«65)tC 

HL 

AffCHL) 

BINASC 

fIX'»20)«A 

CIX-»21)fC 

HL 

AtCHL) 

lOH 

MfNOCONV 

AflO 

4tA 

BfA 

HL 

HL«MCNTHL-10 

OEflO 

HLfOE 

LOOPl 

BCtlO 

DEfMONTH 

HL 
HL 
BffHL) 

HL 

HLfUEEKOA-lO 

DEtlO 

HLfDE 

L0OP2 

BCflO 

OEtDAYUK 

HL 

HL 

AtCHL) 

BINASC 

(IX^26)fA 

(IX*27>fC 

HL«0ATMS6 

Efl 

PTXT 

START 



;loao b yiTH an ascii "« 
iis pm bit set? 
ijump if not 

;loao b with an ascii "p 
;reset bits 5 and 7 
istore ascii am or pm 

;convert hours to ascii 
;store ascii hours 



;EET cay OF MONTH 
ISTORE ASCII DAY 



IGET MONTH IN BCD 

;IS MONTH LESS THAN DECIMAL 10? 

;JUMP IF YESf NO BCD CONVERSION 

;CONVERT BCD TO BINARY 

;RESET BCD TENS DIGIT 



;SAVE HL 



; 



5INCREMENT POINTER BY 10 

;CONTINUE UNTIL CORRECT MONTH FOUND 

;SET BYTE TRANSFER COUNT 

;DATA to BE TRANSFERRED TO MONTH 

;transfer ASCII month 
;recover pointer 

;6ET DAY of week 



INCREMENT POINTER BY 10 
JCONTINUE until CORRECT DAY FOUND 



ITRANSFER ASCII DAY TO DAYWK 



;get year 

;convert binary to ascii 




;STORE ASCII YEAR 



5JUMP TO START AND PRINT MENU 



SUBROUTINE CLKHLT 

THIS ROUTINE PRINTS A WARNING THAT THE CLOCK IS HALTED. 
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AOOR 


OBJECT 


ST • 


SOURCE 


STMT 


DA7ASET ' 1 


^0290 


C5 


0405 


CLKHLT 


PUSH 


HL 


»029E 


F5 


0406 




PUSH 


AF 


•029F 


217C06* 


0407 




LD 


HLfHLTMSG 


•02A2 


ICOl 


0408 




LD 


E»l 


•02A4 


CD9a02» 


0409 




CALL 


PTXT 


•02A7 


Fl 


0410 




POP 


AF 


•02A8 


El 


0411 




POP 


HL 


•02A9 


CBBF 


0412 




RES 


7fA 


•02AB 


C9 


0413 
0414 
0415 


t 

; 


RET 




•02AC 


3E01 


0416 


nQHUR 


LO 


A,l 


•02AC 


C3F400» 


0417 
0418 
0419 
0420 




JP 


JTASK 






0421 




INCLUDE 


NS6 






♦ 0001 












♦ 0002 






HSG. 






♦ 0003 












♦ 0004 












♦ 0005 












♦ 0006 




OCTOBER 


4f 1981 



MOSTEK FLP-80 ASSEMBLER V2.1 PAGE 0008 
STl .SRCCl^ 05-OCT-81 



;CLEAR CLOCK HALT BIT 



'•RETURN TO FLP<-80OOS HONITOR 



6:30 PN 
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